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Definitions 


ALARA:  the  practice  of  reducing  radiation  dose  levels  below  specified  limits  using  a  cost-benefit 
analysis. 

Curie:  a  unit  of  radioactivity  equivalent  to  3.7  x  1010  nuclear  transformations  (also  referred  to  as 
disintegration)  per  second.  One  pCi  is  equivalent  to  10‘12  Ci  or  0.037  nuclear  transformations  per 
second. 

dose  equivalent:  for  the  purposes  of  this  report,  the  terms  dose  equivalent,  effective  dose  equivalent, 
and  dose  will  be  used  interchangeably.  The  effective  dose  equivalent  is  the  sum  of  the  weighted 
dose  equivalents  for  irradiated  tissues  or  organs  from  ionizing  radiation  sources.  It  takes  into 
account  the  different  mortality  risks  from  cancer  and  the  risk  of  severe  hereditary  effects.  A 
common  unit  for  dose  equivalent  in  the  US  is  the  mrem.  For  comparison  to  remediation  criteria 
discussed  in  the  report,  the  average  American  annually  receives  about  350  mrem  from  naturally 
occurring  sources  of  radiation  in  the  environment. 

enriched  uranium:  uranium  with  a  higher  235U  mass  fraction  than  that  of  natural  uranium. 

half-life:  the  period  of  time  required  for  any  given  isotope  to  decrease  to  one-half  of  its  original 
quantity. 

isotopes:  variation  in  the  number  of  neutrons  in  the  nuclei  of  atoms  of  the  same  element.  For 
example,  three  common  isotopes  of  uranium:  234U,  235U,  and  238U  only  differ  in  the  number  of 
neutrons  in  the  nucleus.  Isotopes  of  the  same  element  generally  behave  the  same  chemically,  but  can 
have  significantly  different  nuclear  properties  (i.e.,  nuclear  interactions  and  radioactivity). 

minimal  detectable  concentration:  the  smallest  concentration  of  radioactivity  that  can  be  measured 
under  specified  conditions. 

pH:  the  negative  logarithm  of  the  effective  hydrogen  concentration  in  gram  equivalents. 

radioactivity:  a  property  exhibited  by  some  nuclei  undergoing  spontaneous  nuclear  transformation 
that  has  accompanying  radioactive  particle  and/or  electro-magnetic  emissions. 

remedial  action  support  survey:  a  survey  accomplished  after  a  remedial  action  to  verify  the 
effectiveness  of  an  action. 

secular  equilibrium:  a  condition  where  a  decay  product  (commonly  called  “daughter”)  isotope  has  a 
very  short  radiological  half-life  compared  to  the  radiological  half-life  of  the  “parent”  isotope.  In 
these  cases,  the  radioactivity  of  the  parent  and  daughter  will  be  the  same. 

weapons  grade  plutonium:  artificially  produced  type  of  plutonium  that  by  mass  is  predominately  the 
fissile  239Pu.  Fissile  isotopes  of  elements  are  capable  of  forming  critical  masses  of  material 
necessary  for  a  nuclear  chain  reaction. 
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1.  Introduction 


a.  Purpose.  This  report  describes  the  remedial  action  work  and  final  status  survey 
accomplished  at  the  B-58  accident  site  on  Grissom  Air  Reserve  Base  (ARB).  Remediation  actions 
described  in  this  report  were  limited  to  a  300  m2  site  in  a  grassy  area  alongside  NE-SE  Runway  23 
and  were  accomplished  by  Cabrera  Remediation  Services  Inc  under  contract  to  the  US  Army 
Operations  Support  Command  (OSC).  The  300  m2  site  was  the  only  contaminated  area  within  a 
considerably  larger  survey  area  based  on  the  characterization  survey  (Rademacher  and  Hoak  2000). 
Radiological  surveys  and  supervision  of  the  remedial  actions  were  accomplished  by  the  Radiation 
Surveillance  Division  of  the  AF  Institute  for  Environment,  Safety  and  Occupational  Health  Risk 
Analysis  (AFIERA).  The  Indiana  Departments  of  Health  and  Environmental  Management  (IDH  and 
IDEM)  reviewed  survey  and  workplan  documents  for  the  site,  and  participated  in  field  activities  as 
an  independent  observer.  The  site  was  contaminated  by  a  nuclear  weapons  accident  that  occurred  8 
December  1964  when  a  B-58  strategic  bomber  skidded  off  the  runway  and  caught  fire.  In  1964,  the 
B-58  wreckage  and  some  contaminated  soils  from  the  accident  site  were  buried  at  another  location 
that  is  now  part  of  the  Base  Realignment  and  Closure  (BRAC)  Commission  property.  The  aircraft 
burial  site  investigation  is  being  accomplished  by  the  Air  Force  Base  Conversion  Agency  (AFBCA) 
and  is  described  in  other  documents.  The  remedial  action  goals  described  in  the  remedial  action  plan 
for  the  accident  site  (Rademacher  2000),  including  soil  removal,  in-situ  y-measurements,  and  soil 
sampling  were  met.  Although  the  434th  Air  Refueling  Wing  (ARW)  plans  to  retain  the  property,  the 
site  meets  an  unrestricted  public  release  dose  rate  criterion  of  1 5  mrem  y 1  recommended  by  the 
Environmental  Protection  Agency  (EPA). 

b.  Site  Description. 

Grissom  AFB  was  realigned  under  the  BRAC  Commission  and  was  renamed  Grissom  ARB. 

Grissom  ARB  maintains  military  planes  and  the  runway  with  the  434th  ARW.  The  Wing  is 
equipped  with  22  KC-135  aircraft  and  1,300  personnel.  The  accident  site  is  alongside  NE-SW 
Runway  23  (Figures  1  and  2).  The  area  is  bounded  by  a  concrete  runway  and  taxiways,  and  contains 
aircraft  navigational  aids  and  a  windsock  in  its  center.  The  vegetation  consists  of  native  grasses  that 
are  mowed  on  a  regular  basis  to  a  height  of  less  than  15  cm  (0.5  ft).  The  terrain  is  relatively  flat,  but 
is  marked  by  irregularly  spaced  depressions  less  than  30  cm  (1  ft)  deep.  Approximately  50  m 
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(160  ft)  southwest  from  the  windsock,  a  drainage  ditch  is  terminated  in  a  culvert.  Due  to  its  close 
proximity  to  active  flight  operations,  access  to  the  site  is  tightly  controlled. 

The  primary  contaminated  area  identified  and  described  in  the  characterization  survey  report 
(Rademacher  and  Hoak  2000)  was  not  in  the  immediate  location  of  the  aircraft  crash  site.  The 
primary  contaminated  area  identified  and  remediated  was  about  50  m  (160  ft)  from  the  crash  site. 
This  area  corresponds  to  a  shallow  trench  that  was  used  to  assist  in  extinguishing  a  persistent  fire 
that  engulfed  one  of  the  weapons.  The  only  radioactive  contaminant  identified  was  depleted 
uranium  (DU).  During  remediation,  many  small  and  one  large  DU  slag  were  uncovered  in  a  highly 
localized  area  that  previously  generated  the  highest  in-situ  y-measurements  and  soil  sampling  results. 
The  large  slag  appeared  to  be  fused  with  small  pebbles  and  sand,  consistent  with  the  historical  record 
of  the  accident.  This  location  is  referred  to  as  the  “hot-spot”  in  other  portions  of  the  report. 


Figure  1 :  Site  Location  and  Surrounding  Area. 


c.  Summary  of  Completed  Actions.  The  actions  were  completed  in  five  phases.  The  pre¬ 
remediation  site  survey  was  accomplished  1  August  2000.  The  survey  consisted  of  330  in-situ 
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y-radiation  measurements  and  soil  samples  for  waste  profiling.  Soil  removal  operations  were 
accomplished  from  12-14  September  2000.  Post  removal,  the  area  was  scanned  to  locate  any 
potential  areas  of  residual  contamination.  A  detailed  remedial  action  support  survey  (RASS)  was 
accomplished  with  fixed  in-situ  y-measurements  of  the  remediated  area  on  14  September  2000.  Soil 
sampling  was  accomplished  in  a  region  equally  comprised  of  the  remediated  area  and  immediate 
surrounding  area.  Soil  sampling  results  and  the  RASS  support  the  final  site  status.  Clean  soil  was 
backfilled  in  the  remediation  area  on  15  September  2000  and  seeded  for  grass. 


Figure  2:  Site  Location. 


d.  Summary  of  Final  Site  Status.  In  support  of  final  site  status  determination,  25  soil 
samples  were  collected  on  a  triangular  grid  pattern  that  encompassed  the  remediation  area  and  an 
equal  surrounding  area  for  a  total  of  600  m2  (6,500  ft2).  Based  on  laboratory  analysis,  the  mean 
residual  DU  on  the  site  is  estimated  at  1.3  pCi  g'1.  Based  on  this  activity  concentration  level,  the 
calculated  dose  equivalent  level  for  hypothetical  future  site  residents  had  a  maximum  of 
0.2  mrem  y'1.  This  level  is  well  below  the  15  mrem  y'1  criterion  recommended  by  the  EPA. 
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2.  Historical  Site  Assessment 


a.  Historical  Record  of  Accident. 

On  8  December  1964,  during  a  routine  Operational  Readiness  Inspection  (ORI),  a  B-58  strategic 
bomber  skidded  off  the  runway  at  Bunker  Hill  AFB  IN  (later  renamed  Grissom  AFB).  The  landing 
gear  subsequently  collapsed,  rupturing  a  fuel  tank.  The  ensuing  fire  burnt  portions  of  the  five 
nuclear  weapons  on  board  the  aircraft.  The  high  explosives  in  the  weapons  did  not  detonate, 
although  some  portions  melted  and  burned  (Sandia  1997).  One  burning  weapon  was  removed  from 
the  accident  area  and  extinguished  by  placing  it  in  a  shallow  trench  and  covering  it  with  sand.  The 
trench  was  approximately  50  m  (160  ft)  from  the  aircraft  wreckage  in  the  grassy  area  between  the 
runway  and  alert  area  taxiway.  The  historical  record  indicates  radioactive  contamination  was 
confined  to  a  2  m  x  6  m  x  0.1  m  (7  ft  x  20  ft  x  0.3  ft)  volume  (HQ  Air  Force  Safety  Center  1996). 
The  precise  location  of  the  trench  is  unknown  from  the  historical  record.  The  contaminated  soil 
around  the  aircraft  wreckage  was  excavated  and  buried  along  with  the  aircraft  debris  at  a  different 
location  on  the  base  that  now  is  the  responsibility  of  the  AFBCA  (outside  434  ARW  property). 
Extensive  sampling  of  the  area  soon  after  the  accident  supported  the  claim  that  the  area  was 
contamination  free.  However,  written  documentation  of  post  accident  sampling  has  not  been 
located.  Additionally,  instrumentation  available  at  the  time  of  the  accident  (primarily  alpha 
scintillation  and  Geiger-Mueller  detectors)  coupled  with  the  wet  conditions  questions  sufficiency  of 
detection  of  residual  contamination  with  respect  to  present  standards. 

The  recovered  weapons  and  weapons  debris  were  sent  to  Atomic  Energy  Commission  facilities  in 
Clarksville  TN,  Medina  Base  TX,  Rocky  Flats  CO,  Miamisburg  OH,  and  Oakridge  TN  (Sandia 
1997).  Subsequent  analysis  of  the  damaged  weapons  and  debris  indicated  that  plutonium  was  not 
released  to  the  environment  because  all  of  the  plutonium-bearing  components  were  intact 
(Rademacher  1999a). 

In  June  of  1996,  the  HQ  Air  Force  Safety  Center,  at  the  request  of  Grissom  ARB,  conducted  a 
review  of  classified  and  unclassified  documents  in  its  possession  and  concluded  that  sufficient  data 
did  not  exist  to  support  unrestricted  release  of  the  site  (HQ  Air  Force  Safety  Center  1996). 

b.  Scoping  Surveys.  In  1996,  the  IDH  performed  y-radiation  exposure  rate  measurements 

and  collected  soil  samples  from  the  accident  site.  The  IDH  identified  a  small  area  with  y-radiation 

exposure  rates  8  to  10  times  background  rates.  Soil  samples  collected  from  this  area  contained 
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concentrations  that  were  several  hundred  times  background  for  238U.  235U  and  3  U  concentrations 
were  also  elevated  in  proportion  to  that  of  depleted  uranium,  with  the  highest  total  uranium  activity 
concentration  over  700  pCi  g  *.  Plutonium  concentrations  were  consistent  with  levels  typical  of  the 
background  (EPA  1996).  AFIERA  conducted  a  scoping  survey  in  May  1999  and  collected  five  soil 
samples  that  had  the  isotopic  composition  of  depleted  uranium,  with  the  highest  total  uranium 
activity  concentration  being  95  pCi  g'1. 

c.  Characterization  Survey.  AFIERA  performed  a  comprehensive  site  characterization  in 
October  1999  that  consisted  of  fixed  and  scanning  in-situ  y-measurements,  and  extensive  soil 
sampling  (Rademacher  and  Hoak  2000).  An  8,800  m2  (95,000  ft2)  land  area  in  square  grids  of 

100  m2  (1,100  ft2)  was  evaluated  to  determine  background  radiation  levels;  identify  areas  of  elevated 
in-situ  y-radiation  levels;  and  quantify  uranium,  americium,  and  chemical  concentrations  in  soils. 

The  scanning  survey  identified  only  one  area  of  elevated  contamination  as  shown  by  the  pink  box  on 
the  site  grid  of  Figure  3.  The  pink  box  roughly  encompassed  300  m2  (3,200  ft2)  and  had  an 
estimated  mean  excess  total  uranium  (i.e.,  not  attributed  to  natural  background)  surface  activity 
concentration  of  15  to  20  pCi  g'1  (Rademacher  and  Hoak  2000).  Figure  4  provides  a  more  detailed 
map  of  the  contaminated  area  with  notation  of  the  mean  surface  soils  sampling  results  (234Th)  for 
each  grid  and  fixed  in-situ  y-measurements  in  the  hot-spot  area.  234Th  is  typically  used  to  quantify 
uranium  because  it  is  in  the  decay  chain  of  238U  and  has  an  abundant  y-radiation  emission.  The  pink 
rectangular  box  is  similar  in  placement  to  the  area  of  elevated  concentration  in  Figure  3.  For  the  10 
grids  with  mean  surface  234Th  activity  concentrations  greater  than  2  pCi  g  1  (about  two  times  natural 
background),  the  mean  excess  uranium  activity  concentration  was  about  7  pCi  g  \  Chemical 
analysis  of  targeted  soil  samples  had  beryllium  concentrations  typical  for  background.  Am  activity 
concentrations  were  below  the  minimal  detectable  concentration  (MDC)  [ranged  from  0.03  to 
0.21  pCi  g'1]  for  the  y-spectroscopy  system  used.  241Am  is  a  daughter  of  24lPu  and  a  co-contaminant 
of  weapons  grade  plutonium  (WGP).  Based  on  other  sites  contaminated  with  WGP  from  the  time 
period  of  this  accident,  the  239/240pu  to  241Am  activity  concentration  ratio  is  about  5.4  (Rademacher 
1999b),  making  sample  239/240pu  activity  concentrations  less  than  1.1  pCi  g'1. 

d.  Contaminants  of  Concern.  Based  on  the  results  of  the  AFIERA  characterization  study,  the 

only  contaminant  of  concern  is  depleted  uranium  (natural  uranium  depleted  in  235U  and  234U 

isotopes).  Table  1  contains  the  isotopic  composition  of  natural  and  depleted  uranium.  Uranium,  a 

naturally  occurring  radioactive  element,  is  silver-white  in  its  pure  form.  It  is  a  heavy  metal  nearly 
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twice  as  dense  as  lead  (19  g  cm'3).  Uranium  occurs  in  nature  in  a  wide  variety  of  solid,  liquid,  and 

gaseous  compounds.  It  readily  combines  with  other  elements  to  form  uranium  oxides,  silicates, 

carbonates  and  hydroxides.  These  compounds  range  from  the  highly  mobile  (e.g.,  carbonates)  to  the 

relatively  immobile  oxides.  Hot-fired  uranium  in  oxygen  environments  readily  forms  the  oxides 

UO2,  U3O8,  and  U2O7.  * 


Figure  3.  Site  with  Contaminated  Area  Denoted  by  Pink  Rectangular  Box. 
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Table  1.  Isotopic  Ratios  of  Natural  and  Depleted  Uranium  (DU). 


Material 

Component  by  Weight  Percentage 

Specific 

Activity  (pCi  g'1) 

234u 

235u 

236U 

238u 

Natural  U 

0.0057% 

0.72% 

0% 

99.28% 

0.7 

Depleted 

Uranium 

0.0001% 

0.20% 

0.0003% 

99.8% 

0.4 
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3.  Remediation  Goals 


The  characterization  report  contains  dose  estimates  for  hypothetical  residents  inhabiting  the  site  in  a 
contaminated  condition  (Rademacher  and  Hoak  2000).  Hypothetical  residents  on  the  site  are 
assumed  to  consume  food  grown  on  the  land  and  water  from  an  underground  aquifer.  Dose 
estimates  were  calculated  with  RESRAD  Version  5.82  (Yu,  etal  1993),  a  computer  code  developed 
at  Argonne  National  Laboratory.  The  code  accounts  for  radiation  exposure  from  a  multitude  of 
routes  including  external  y-radiation,  food  and  water  consumption,  and  inhalation  of  resuspended 
soil  particles.  The  code  converts  residual  radioactive  material  activity  concentrations  in  soils 
(expressed  in  pCi  g'1)  into  projected  annual  dose  equivalent  (expressed  in  mrem  y'1). 

Table  2  contains  a  summary  of  the  RESRAD  calculations  from  the  characterization  report.  The 
fourth  data  row  contains  an  estimate  of  annual  dose  equivalent  under  the  worst  case  assumption  that 
all  of  the  contaminant  is  concentrated  in  a  300  m2  area.  The  value  of  5.4  mrem  y'1  is  a  small  fraction 
of  300  mrem  y'1,  the  average  background  radiation  dose  equivalent  Americans  receive,  and  below 
remediation  criteria  provided  by  regulatory  agencies  for  exposures  to  the  general  public. 


Table  2.  RESRAD  Dose  Estimates  with  Various  Parameters 
and  Assumptions  (Rademacher  and  Hoak  2000). 


Area 

(m2) 

Contamination 

Zone 

Thickness  (m) 

Length  of 
Contamination 
Zone  (m) 

DU  Activity 
Concentration 
(pci  g1) . 

Years  Post 
Deposition 
Dose  (max) 

Dose 

Equivalent 
(mrem  y'1) 

10,000 

2 

100 

1 

815 

1.0 

1,000 

0.5 

50 

20 

745 

5.2 

1,000 

0.5 

50 

7 

745 

1.8 

300 

0.5 

25 

23.3 

457 

5.4 

The  depleted  uranium  contaminant  is  a  Section  91b  material  as  defined  by  the  Atomic  Energy  Act  of 
1954.  The  Department  of  Defense  (DoD)  retains  regulatory  authority  for  the  contaminant.  For  the 
Department  of  the  Air  Force,  responsibility  is  delegated  to  Headquarters,  Air  Force  Safety  Center  as 
provided  in  AF  Instruction  40-201,  Managing  Radioactive  Materials  in  the  Air  Force.  The  DoD  has 
been  directed  to  apply  current  accepted  practice  in  maintenance  and  disposition  of  contaminated 
sites.  Two  Federal  agencies  have  issued  regulatory  and  proposed  standards  for  residual  radioactive 
materials.  The  Nuclear  Regulatory  Commission  (NRC)  has  a  risk-based  regulatory  standard  for 
residual  radioactive  materials  of  25  mrem  y*1,  with  the  “as  low  as  is  reasonably  achievable” 
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(ALARA)  principle  [10  Code  of  Federal  Regulations  (CFR),  Part  20,  Subpart  E,  Radiological 
Criteria  for  License  Termination,  10  CFR  20.1402].  The  Environmental  Protection  Agency  (EPA) 
proposed  a  risk-based  standard  of  15  mrem  y'1,  also  with  the  ALARA  provision  (40  CFR  195, 
Radiation  Site  Cleanup  Regulations). 

The  434th  ARW  made  the  decision  to  remediate  the  site  based  on  the  ALARA  principle,  though  the 
site  met  both  NRC  and  EPA  primary  criteria.  AFIERA  recommended  delineation  of  the  remediation 
area  to  locations  of  residual  DU  readily  differentiated  from  background  with  portable  instruments 
(Rademacher  2000).  Portable  3x3  Nal(Tl)  detectors  were  estimated  to  be  sensitive  to  6.4  pCi  g'1  of 
residual  DU  (Rademacher  2000).  The  IDH  and  EPA  accepted  this  approach  as  protective  of  health 
and  the  ALARA  principle. 

4.  Survey  Methodology 

a.  General.  The  survey  accomplished  in  the  pre-remediation  phase  delineated  contaminated 
areas  from  background  regions  using  portable  Nal(Tl)  detection  systems.  Areas  with  low  levels  of 
depleted  uranium  contamination  that  were  not  readily  differentiated  from  background  radiation  areas 
were  left  as  residual.  Based  on  the  background  assessment  for  the  site  and  the  measured  sensitivity 
of  Nal(Tl)  detectors  to  depleted  uranium,  total  excess  uranium  activity  concentrations  of  6.4  pCi  g"1 
could  be  discriminated  from  background  sources  of  radiation  (Rademacher  2000).  The  use  of 
portable  instruments  reasonably  balanced  cost  of  contaminated  waste  disposal,  survey  time, 
equipment  and  personnel  costs,  and  mobilization  costs.  Since  health  risks  to  employees  was  not 
determined  to  be  significant,  this  factor  was  not  incorporated  into  the  evaluation.  Use  of  portable 
instruments  to  assess  soil  removal  requirements  was  highly  advantageous  over  soil  sampling  and 
subsequent  laboratory  analysis  because  of  the  time  lag  between  collection  and  sample  analysis. 

b.  In-Situ  Measurements.  Fixed  in-situ  measurements  were  collected  on  a  two  meter  (6.6  ft) 
grid  with  a  Nal(Tl)  detection  system.  For  the  pre-remediation  survey,  plans  were  made  to 
accomplish  the  survey  with  a  3  x  3  Nal(Tl)  detector.  However,  early  in  the  grid  survey,  the  detector 
fell  on  its  side,  initiating  a  quality  assurance/quality  control  (QAQC)  check  to  ensure  proper 
operation.  The  instrument  failed  the  chi-square  tests  for  reliability  and  failed  to  provide  similar 
background  location  measurements.  As  a  result,  the  instrument  was  removed  from  service  and 
replaced  with  a  backup  2x2  Nal(Tl)  detector.  For  the  RASS,  a  3  x  3  Nal(Tl)  detector  was  used  for 
scanning  and  fixed  measurements.  Appendix  A  contains  a  listing  of  the  survey  instruments. 
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c.  Soil  Sampling  of  Remediation  Zone  for  Waste  Characterization.  Based  on  the  results  of 
the  pre-remediation  survey,  10  soil  samples  were  collected  from  the  areas  planned  for  remediation. 
The  samples  were  analyzed  for  radionuclide  content  by  y-spectroscopy  analysis.  From  5  of  the  10 
locations,  additional  samples  were  collected  for  chemical  analysis  solely  to  meet  disposal  acceptance 
requirements  of  the  waste  disposal  facility.  Hazardous  chemicals  are  not  contaminants  of  concern. 

d.  Post-Remediation  Fixed  In-Situ  y-Radiation  Survey.  Post-remediation  fixed  in-situ 
y-radiation  surveys  were  accomplished  with  a  3  x  3  Nal(Tl)  on  a  two  meter  grid  in  the  remediation 
zone.  Based  on  the  results  of  the  survey,  and  through  consultation  with  the  434th  Environmental 
Engineering  Flight  (434th  SPTG/CEV)  and  IDH,  an  additional  30  cm  (12  in)  lift  was  removed  in  a 
small  area  of  the  remediation  zone.  In-situ  measurements  were  recollected  on  sampling  locations  in 
the  area  of  additional  remediation. 

e.  Final  Status  Soil  Sampling.  A  sampling  grid  was  developed  using  the  reference  grid 
system  implemented  in  the  characterization  study  (Rademacher  and  Hoak  2000).  The  sampling  grid 
encompassed  the  entire  remediation  area  and  an  approximately  equal  area  surrounding  it.  Twenty- 
five  surface  soil  samples  were  collected  using  a  triangular  grid  system  as  described  in  the  Multi- 
Agency  Radiation  Survey  and  Site  Investigation  Manual  (MARSSIM)  (NRC  1997).  Sampling  depth 
was  approximately  15  cm  (0.5  ft)  with  each  sample  comprising  at  least  one  kilogram  (2.2  lbs).  The 
samples  were  collected  with  a  small  shovel.  Decontamination  was  done  between  each  sample  using 
detergent  and  distilled  water.  Samples  were  double-wrapped  in  plastic  bags.  Chain  of  custody  was 
documented.  To  maintain  chain  of  custody,  all  samples  were  under  constant  observation  or  secured. 
All  sample  labels  were  completed  using  waterproof  ink.  For  10  of  the  sampling  locations,  replicate 
samples  were  collected  and  packaged  in  a  similar  manner  and  sent  to  Duke  Engineering  Services  for 
analysis.  Three  replicates  were  collected  for  internal  laboratory  QA/QC.  Samples  were  dried, 
homogenized,  and  analyzed  through  y-spectroscopy.  Estimated  excess  total  uranium  was  calculated 
with  234Th  activities  and  the  relationship  as  shown  in  Figure  5. 

f.  Field  Contamination  Control  Assurance.  To  assure  contamination  was  contained  on  the 
site,  personnel  and  equipment  leaving  the  remediation  zone  were  screened  with  portable  (3/y- 
radiation  detection  instruments  as  listed  in  Appendix  A.  A  3  x  3  Nal(Tl)  was  used  to  screen  the 
backfilled  area,  the  remediation  support  zone,  and  ingress/egress  routes  to  ensure  no  contaminated 
soil  was  spread  on  the  site. 
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Figure  5.  Excess  Activity  Concentration  of  Excess  Total  Uranium  vs.  Measured  234Th 
for  Background  Total  Uranium  =1.1  pCi  g"1  and  a  Depleted  Uranium  Contaminant. 
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g.  Survey  Personnel.  Tables  3a  and  3b  contain  a  listing  of  survey  personnel. 


Table  3a.  Survey  Team  Personnel  (Pre-Remediation  Survey). 


Name 

Position 

Organization 

Major  Steven  Rademacher 

AFIERA  Survey  Chief 

AFIERA/SDR,  Brooks  AFB  TX 

Mr.  Brian  Renaghan 

Health  Physicist 

AFIERA/SDRH,  Brooks  AFB  TX 

SSgt  Darrin  Lawrence 

Radioanalytical 
Technician/Sample  Control 

AFIERA/SDRD,  Brooks  AFB  TX 

Table  3b.  Survey  Team  Personnel  (Remediation  Surveys). 


Name 

Position 

Organization 

Mr.  Rex  Bowser 

Radiation  Safety  Inspector 

Indiana  Dept,  of  Health 

Major  Steven  Rademacher 

AFIERA  Survey  Chief 

AFIERA/SDR,  Brooks  AFB  TX 

Mr.  Brian  Renaghan 

Health  Physicist 

AFIERA/SDRH,  Brooks  AFB  TX 

SrA  Kimberly  Murchison 

Bioenvironmental 
Engineering  Technician 

AFIERA/SDRH,  Brooks  AFB  TX 
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5.  Pre-Remediation  Survey  Results 

a.  General.  The  pre-remediation  survey  was  accomplished  1  August  2000.  The  grid  system 
implemented  in  the  characterization  survey  was  recreated  by  locating  the  hot-spot  and  using  a  transit 
to  align  the  grid.  The  3x3  Nal(Tl)  detector  prepared  for  measurements  fell  and  was  removed  from 
service.  The  2x2  Nal(Tl)  backup  probe  was  used.  Instrument  background,  QA/QC,  and  hot-spot 
measurements  with  this  instrument  are  contained  in  Table  B-l  of  Appendix  B.  Fifteen  background 
locations  were  marked  in  an  area  more  than  50  m  (160  ft)  from  the  contamination  zone.  Ten 
measurements  were  taken  at  background  location  #1  to  assess  detection  system  reliability.  Summary 
statistics  of  the  background  measurements  are  contained  in  Table  B-2.  For  pre-  and  post-survey 
measurements  at  background  location  #1,  the  instrument  was  assessed  to  be  reliable  due  to  the  close 
agreement  in  mean  count  rate  of  each  data  set  (RPD  =  1.6  %)  and  the  calculated  percent  coefficient 
of  variation  (%  CV)  of  each  data  set  with  the  theoretical  expectation  of  about  1 .6  %. 

b.  Grid  Measurements.  Grid  measurements  were  collected  every  two  meters,  with  the 
detector  to  ground  surface  separation  of  7.5  cm  (3  in).  The  measurements  ranged  from  3,524  to 
5,794  counts  per  30-second  count  period,  with  background  at  4,097  counts.  Table  B-3  contains  a 
complete  listing  of  grid  measurements.  Figure  B-l  provides  a  graphical  depiction  of  the  grid 
measurements.  The  plot,  comprised  of  333  measurements,  provides  more  detail  than  that  of  the 
characterization  survey  (Figure  4)  but  is  consistent  with  previously  identified  contaminated  areas. 

c.  Correlation  Coefficients.  Correlation  between  the  grid  measurements  of  this  survey  and 
that  of  the  characterization  survey  was  assessed  to  determine  relative  sensitivity  of  the  2  x  2  Nal(Tl) 
and  3x3  Nal(Tl).  Figure  B-2  contains  a  scatterplot  of  the  data  for  paired  grid  measurements.  The 
slope  of  the  regression  analysis  is  0. 1 87.  Modified  to  account  for  the  different  integration  times,  the 
slope  is  0.374,  with  the  3x3  Nal(Tl)  being  2.67  times  more  efficient.  The  squared  correlation 
coefficient  of  0.87  is  reasonable,  considering  that  some  minor  differences  may  have  existed  in  the 
two  grid  systems  and  instrument  response  fluctuation  due  to  ambient  temperature  variation. 

d.  Waste  Profiling.  Soil  samples  were  collected  uniformly  within  the  contamination  zones. 
The  sampling  was  accomplished  for  pre-profiling  the  waste  for  eventual  disposal.  Figure  B-3 
contains  a  scatterplot  of  the  soil  234Th  activity  concentrations  vs.  the  paired  instrument  measurement. 
The  slope  of  the  regression  is  26.4  counts  g  pCi'1,  with  good  correlation  between  the  two  parameters, 
demonstrating  that  in-situ  measurements  provide  good  surrogates  to  laboratory  analysis  of  soil 
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samples.  Table  B-4  contains  the  soil  sampling  results  for  Th,  U,  and  Am  for  the  specified 
sampling  locations.  The  mean  234Th  activity  concentration  among  the  samples  was  14.2  pCi  g'\ 
with  the  estimated  mean  excess  DU  activity  of  16  pCi  g'1  using  the  relationship  in  Figure  5.  This 
estimate  is  within  the  range  estimated  in  the  characterization  report  of  15  -  20  pCi  g"1.  Table  B-5 
contains  the  toxicity  characteristic  leaching  procedure  (TCLP),  metals,  and  herbicide  analytical 
results  for  the  five  waste  profiling  samples.  The  results  verify  that  the  waste  did  not  contain 
hazardous  chemical  contaminants  that  would  restrict  disposal  as  a  radioactive  waste. 

6.  Remediation  Activities  and  Post-Remediation  Survey  Results 

a.  Remediation  Zone  Delineation.  The  remediation  zone  was  marked  1 1  September  2000, 
the  second  phase  of  the  project.  Figure  6  graphically  depicts  the  zone  by  the  solid  black  line,  with 
final  site  status  soil  sampling  locations  denoted  by  the  circles.  The  zone  was  created  by  evaluation 
of  Figure  B-l,  with  respect  to  detector  response.  The  upper  limit  of  the  violet  contour  corresponds 
to  DU  activity  concentrations  of  about  6.4  pCi  g'1,  based  on  a  mean  background  count  rate  of  4,097 
counts  per  30-second  and  a  detector  to  234Th  contaminant  correlation  coefficient  of  26  counts  g  pCi'1. 

b.  Background  Measurements.  3x3  Nal(Tl)  instruments  were  used  to  collect  background 
measurements  at  the  same  location  as  that  of  the  pre-remediation  survey.  Multiple  measurements 
were  collected  to  assess  instrument  reliability.  Background  measurements  were  collected  every  day, 
with  multiple  assessments  on  14  September  2000  because  RASS  measurements  were  collected. 
Tables  C-la  -  C-lj  contain  background  measurement  summaries  and  associated  theoretical  and 
calculated  standard  deviations.  Based  on  comparisons  of  theoretical  and  calculated  standard 
deviations,  survey  instruments  were  determined  to  be  reliable.  Measurements  were  also  collected  at 
the  hot-spot  location  to  verify  that  survey  instruments  had  a  response  similar  in  proportion  to  that 
noted  from  the  pre-remediation  survey  (Tables  C-2a-  C-2c). 

c.  First  Soil  Removal  Operation.  Soil  removal  operations  in  the  delineated  zone  were 
initiated  on  12  September  2000.  Due  to  rain,  removal  of  the  top  30  cm  (12  in)  was  not  complete 
until  14  September.  The  operation  filled  12  containers  with  a  disposal  volume  of  87  m3  (3,100  ft3). 

d.  Remedial  Action  Support  Survey.  After  the  first  soil  removal  operation,  a  scanning 
survey  of  the  remediation  areas  was  completed.  Areas  of  highly  elevated  activity  were  not  located 
during  the  scanning  survey.  The  2.0  m  (6.6  ft)  grid  was  re-established  in  the  remediation  areas. 
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Fixed  measurements  were  collected  in  the  remediation  area.  For  the  small  excavated  areas,  the  grid 
had  a  limited  number  of  survey  points,  requiring  some  off-grid  measurements  to  ensure  a  sufficient 
number  of  locations  were  surveyed.  In  the  former  hot-spot  area  of  the  large  excavation  area,  off-grid 
measurements  were  collected  to  more  finely  investigate  localized  contamination.  Table  C-3  contains 
a  complete  listing  of  the  measurements.  The  72  measurements  ranged  from  10,722  to  12,640  counts. 
For  the  excavated  areas,  measurements  were  expected  to  be  slightly  elevated  over  those 
measurements  from  the  unremediated  area  for  two  reasons.  First,  the  grass  zone  provides  some 
attenuation  of  the  photons  emitted  from  the  DU.  Second,  the  geometry  of  the  two  measurement 
conditions  is  different.  In  excavated  areas,  a  detector  will  have  more  y-radiation  entering  the 
detector  side  than  in  level-grade  areas.  Overall,  these  two  factors  were  estimated  to  increase  detector 
response  by  250  counts  [30  s]  in  the  excavated  areas.  A  graphical  display  of  the  survey  data  is  in 
Figure  C-l,  with  the  omission  of  data  collected  off  the  2.0  m  grid.  The  upper  limit  of  the  violet 
contour  corresponds  to  DU  contamination  of  about  8  pCi  g'1.  [Note.  The  violet  contours  of  Figures 
B-l  and  C-l  represent  different  count  ranges  and  estimated  234Th  activity  concentrations.] 

e.  Second  Soil  Removal  Operation.  After  reviewing  the  data  in  Figure  C-l,  Major 
Rademacher,  Mr.  Renaghan,  and  Mr.  Bowser  decided  to  remove  another  30  cm  (12  in)  from  the 
localized  area  of  elevated  contamination  of  the  large  excavation  area.  Appendix  E  contains  copies  of 
the  waste  shipment  manifest.  Some  elevated  measurements  existed  in  two  of  the  small  excavated 
areas,  but  were  deemed  largely  to  be  the  result  of  geometry  (i.e.,  a  detector  edge  effect).  It  was 
agreed  that  additional  remediation  in  these  areas  was  unnecessary. 

f.  Final  Site  Status  Survey.  After  the  second  soil  removal  operation  was  complete,  the  2.0  m 
(6.6  ft)  grid  was  re-established  in  the  excavated  area.  Measurements  were  collected  and  are  listed  in 
Table  C-4,  with  a  listing  of  measurements  collected  prior  to  the  second  soil  removal  operation. 
Evaluation  of  the  seven  paired-measurements  showed  that  five  of  the  repeated  measurements  were 
lower,  while  two  were  increased.  The  five  locations  that  had  reduced  measurements  represented 
those  locations  with  the  highest  initial  measurement;  leading  to  the  conclusion  that  the  second  soil 
removal  operation  was  beneficial.  The  two  locations  with  an  increased  measurement  were  close  to 
the  wall  of  the  excavation,  with  the  increased  count  rate  assumed  to  be  the  result  of  the  detector  edge 
effect.  A  graphical  display  of  the  final  site  status  data  is  in  Figure  C-2.  An  agreement  was  made 
between  Major  Rademacher,  Ms.  Marx,  and  Mr.  Bowser  that  additional  soil  removal  was  not 
necessary  because  the  area  with  residual  contamination  (differentiable  from  background)  was  limited 
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and  had  an  estimated  activity  concentration  near  the  final  screening  criterion  of  8  pCi  g'1 
(Rademacher  2000).  Final  status  soil  samples  were  then  collected  based  on  the  grid  in  Figure  6. 

g.  Final  Site  Status  Soil  Sampling  Results.  The  results  of  the  final  site  status  soil  samples 
are  listed  in  Table  C-6  for  235U,  234Th,  and 241  Am.  For  archival  purposes,  complete  analytical  results 
for  the  private  laboratory  are  provided  in  Appendix  D.  The  234Th  activity  concentrations  are 
assumed  to  be  in  secular  equilibrium  with  the  parent  238U  and  can  be  directly  used  to  estimate  the 
residual  DU  according  to  the  relationship  in  Figure  5.  The  235U  and  241  Am  are  listed  to  confirm  that 
the  soils  do  not  contain  enriched  uranium  and  WGP  contamination,  respectfully.  The  results  for 
234Th  ranged  from  <  0.5  to  7.4  pCi  g’1,  with  an  average  of  1.7  pCi  g'1  (under  the  assumption  that  the 
less  than  value  data  points  were  at  the  maximum).  Using  the  relationship  in  Figure  5,  the  estimated 
average  residual  DU  is  1.3  pCi  g'1  (95  %  confidence  interval:  0.7  to  2.1  pCi  g'1).  The 241  Am  activity 
concentrations  were  typical  for  background,  supporting  the  conclusion  that  WGP  is  not  a  residual 
soil  contaminant.  For  all  samples  except  GS0000276,  the  one  with  highest  234Th  activity 
concentration,  the  U  activity  concentrations  are  typical  for  background,  supporting  the  conclusion 
that  enriched  uranium  is  not  a  residual  soil  contaminant.  The  234Th  activity  concentration  value  of 
7.4  pCi  g'1  was  the  highest.  It  corresponds  to  an  estimated  DU  activity  concentration  of  8.2  pCi  g"1 
and  was  collected  in  the  small  area  of  the  large  remediation  area  where  final  fixed  y-radiation 
measurements  were  the  highest.  The  value  of  8.2  pCi  g'1  corresponds  well  to  the  post-remediation  y- 
radiation  screening  criterion  of  8  pCi  g'1,  validating  the  survey  methodology.  The  235U  activity 
concentration  for  this  sample  is  consistent  for  DU  and  is  not  indicative  of  an  enriched  uranium 
contaminant. 

7.  Final  Status  RESRAD  Calculations 

RESRAD  Version  5.82  (Yu  etal  1993)  was  used  to  estimate  radiological  exposure  conditions 
existing  on  the  site,  under  the  assumption  that  the  site  was  occupied  by  residents  that  derived 
agricultural  benefits  from  the  land.  This  exposure  assumption  is  believed  to  be  the  most  restrictive 
(i.e.,  worst  case  exposure). 

Default  parameters  were  used  for  the  calculations  with  the  following  site  conditions:  DU  activity 
concentration  =1.3  pCi  g"1  (isotopic  mix  of  Table  1),  contamination  zone  thickness  =  0.3  m, 
contaminated  area  =  600  m2,  length  parallel  to  aquifer  =  24  m,  and  no  cover  over  the  residual 
contamination  zone.  The  “no  cover”  assumption  is  conservative  and  provides  an  estimated  dose 
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equivalent  to  future  residents  higher  than  that  of  actual  site  conditions.  The  residual  contamination 
zone  was  covered  with  0.5  m  (1 .5  ft)  of  clean  soil. 

The  estimated  current  dose  equivalent  rate  for  the  site  is  0.1 1  mrem  yr'1,  with  about  75  %  of  the  dose 
equivalent  from  direct  external  y-radiation  (ground).  The  maximum  dose  equivalent  rate  for  the  site, 
0.2  mrem  y"1,  is  projected  700  y  from  now,  with  most  of  the  dose  equivalent  from  water  pathways. 
The  current  and  maximum  projected  dose  equivalent  rates  for  the  site  are  respectively  136  and 
75-fold  lower  than  the  EPA  recommended  residential  dose  equivalent  rate  of  15  mrem  y'1  and 
significantly  lower  than  that  estimated  before  remediation  (Table  2). 


8.  Quality  Assurance/Quality  Control 

a.  General.  A  number  of  measures  were  taken  to  ensure  that  the  data  produced  could  be 
used  to  adequately  assess  the  effectiveness  of  the  remediation  and  the  final  site  status  assessment. 

b.  Soils.  Three  soil  sampling  locations  had  AFIERA  Radioanalytical  Laboratory  replicate 
sample  analysis,  while  at  10  locations  similar  replicates  were  field  split  (split  replicates)  and 
analyzed  by  AFIERA  and  Duke  Engineering  Services.  Table  4  contains  paired  replicate  sample 
mean  234Th  activity  concentrations,  relative  percent  difference  (RPD)  values,  and  theoretical  RPD 
values  expressed  at  the  50  and  90  %  confidence  interval  (Cl).  The  RPD  for  low  activity 


Table  4.  Calculated  and  Absolute  Theoretical  RPDs  for  234Th  in  Replicate  Soil  Samples. 


Sample 

Location 

Mean 

234Th  (pCi  g'1) 

Calculated 

RPD 

Theoretical  Absolute  RPD 

50  %  Cl 

90  %  Cl 

26N-50W 

3.7 

7 

30 

78 

33N-14W 

0.8 

73 

69 

255 

33N-30W 

0.7 

56 

27 

70 

33N-38W 

1.6 

-19 

32 

86 

40N-2W 

1.2 

3 

35 

98 

40N-10W 

1.6 

7 

16 

40 

0.9 

41 

40 

110 

| 

15 

33 

83 

54N-2W 

1.9 

42 

19 

47 

54N-18W 

6.6 

-23 

24 

54N-26W 

0.7 

-44 

48 

147 

61N-6W 

3.4 

4 

8 

21 

61N-14W 

1.2 

31 

41 

127 
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concentration  samples  was  significantly  higher  than  that  of  the  higher  activity  concentration 
samples.  For  paired  samples  with  mean  234Th  activity  concentrations  less  than  1.2  pCi  g'1,  the  RPD 
ranged  from  3  to  73  %.  For  samples  with  higher  234Th  activity  concentration,  the  absolute  RPD 
ranged  from  4  to  42  %.  Eight  of  the  13  replicates  had  RPD  values  within  the  50  %  Cl,  while  all 
were  within  the  90  %  Cl. 

c.  Fixed  In-Situ  y-Measurements.  Ten  locations  had  replicate  in-situ  measurements.  The 
purpose  of  the  measurements  was  to  evaluate  variability  in  field  measurements.  Table  C-5  contains 
a  summary  of  results.  The  difference  values  among  the  measurements  ranged  from  -211  to  764, 
with  a  mean  of  280  counts.  The  difference  between  the  two  sets  of  measurements  is  beyond  that 
anticipated  for  random  counting  uncertainties  alone  (95  %  confidence  interval:  +  200  counts).  Since 
the  measurements  were  collected  over  a  period  of  a  few  hours,  and  there  were  significant  changes  in 
ambient  temperature  and  sun  exposure  during  the  day,  the  variability  observed  is  reasonable  for 
portable  Nal(Tl)  systems. 

9.  Conclusions 

The  remedial  actions  of  the  contaminated  areas  were  accomplished  according  to  the  workplan  with 
about  87  m3  (3,100  fit3)  DU  contaminated  soils  disposed  at  Waste  Controls  Specialists,  LLC,  a 
company  licensed  to  operate  a  low-level  radioactive  waste  disposal  facility.  Field  measurements  and 
laboratory  analysis  of  post-remediation  soil  samples  confirm  that  the  goals  of  the  remediation  effort 
were  achieved.  The  mean  activity  concentration  of  residual  DU  contaminant  was  estimated  at  about 
1.3  pCi  g'1  [95%  Cl:  0.7  to  2.1  pCi  g'1].  Calculated  dose  equivalent  rates  for  hypothetical  future  site 
residents  had  a  maximum  of  0.2  mrem  y'1.  This  level  is  well  below  the  15  mrem  y*1  criterion  that 
was  recommended  by  the  EPA.  Although  the  installation  has  no  present  interest  in  utilization  of  the 
site  for  other  purposes,  the  site  meets  the  unrestricted  public  use  criterion  with  respect  to  radiological 
concerns.  No  further  remedial  actions  are  recommended  for  the  site. 
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Appendix  A 
Survey  Instrumentation 
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Table  A.  AFIERA  Survey  Instrumentation 


Measurement  Type 

Location 

Instrumentation 

Estimated  Minimal 
Detectable 
Concentration 

In-situ  Gamma 
(scanning  +  fixed) 

Remediation  Area  - 
7.5  cm  above  surface 

Eberline  Model  SPA-3 
2x2  Nal  (Tl)  Detector 
w/  Ludlum  2221 
Ratemeter/Scaler 

Ludlum  Model  44-20 
3x3  Nal  (Tl)  Detector 
w/  Ludlum  2221 
Ratemeter/Scaler 

20  pCi  g  1  DU 
(scanning) 

6.4  pCi  g'1  DU  (fixed) 

Gamma  Exposure  Rate 

Remediation  Area 

Ludlum  Model  19 
Exposure  Rate 

SN  138433 

lOpRhr'1 

Beta/Gamma  Frisker 

Remediation  Area, 
Personnel,  Equipment 

Bicron  Analyst 

SN  A505P  w/ 

Bicron  PGM 

SN  C702B 

Bicron  Surveyor 

SN  A809P  w / 

Bicron  PGM 

SN  C714B 

300  dpm  (Sr-90) 

(THIS  PAGE  INTENTIONALLY  LEFT  BLANK) 
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Appendix  B 

Pre-Remediation  Survey  Data 
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Table  B-l.  Instrument  Background  and  Quality 
Assurance/Quality  Control  Measurements. 


Location 

Counts  (30  s) 

Time 

High  Voltage 

Battery  (V) 

Background  #1 

4,046 

1240 

759 

6.1 

Background  #1 


Background#! 


Background  #1 


Background  #1 


Background  #1 


Background  #1 


Background  #1 


Background  #1 


Background  #1 


Background  #2 


Background  #3 


Background  #4 


Background  #5 


Background  #6 


Background  #7 
Background  #8 


Background  #9 


Background  #10 


Background  #11 


Background  #12 


Background  #13 


Background  #14 


Background  #15 


55N-17W 


55N-17W 


55N-17W 


55N-17W 


55N-17W 


55N  -  17W 


4,010 


4,056 


4,156 

3,928 


4,037 


4,119 


4,020 


4,084 


21,868 


22,047 

21,822 


21,095 


21,543 


22,114 


Continued  on  Next  Page 
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Table  B-l  (Continued).  Instrument  Background  and  Quality 
Assurance/Quality  Control  Measurements. 


Location 

Counts  (30  s) 

Time 

High  Voltage 

Battery  (V) 

Background  #1 

3,994 

1810 

758 

5.9 

Background  #1 

4,002 

Background  #1 

4,032 

Background  #1 

4,102 

Background  #1 

4,087 

Background  #1 

4,010 

Background  #1 

3,986 

Background  #1 

3,943 

Background  #1 

4,010 

Background  #1 

4,147 

1820 

Note:  Time  notation,  high  voltage  measurement,  and  battery  potential  were  collected  only 
periodically  among  groups  of  measurements. 


B1  GPS  Location:  40°  39.524  (latitude)  86°  08.181  (longitude) 

B1  Grid  Location:  10S-0W 

Meter:  Ludlum  Model  2221  Ratemeter/Scaler,  Serial  Number  132851 

Meter  Settings:  HV  =  759  V,  Threshold  =119,  Window  =  3692  (operated  in  “OUT”  position) 

Probe:  Ludlum  SPA3  2x2  Nal(Tl),  Serial  Number  408881-002 


Table  B-2.  Statistics  for  QA/QC  Measurements. 


Measurement  Group 

Statistics  (30  s  Counting  Times) 

P 

a 

%CV 

Pre-Survey  Background  #1 

4,097 

57 

1.4% 

Pre-Survey  Backgrounds 

79 

1.9% 

Post-Survey  Background  #1 

4,031 

62 

1.5  % 
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Table  B-3.  Pre-Remediation  Grid  Measurements  (30  s  Counts) 
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Table  B-3  (Continued).  Pre-Remediation  Grid  Measurements  (30  s  Counts) 


Table  B-3  (Continued).  Pre-Remediation  Grid  Measurements  (30  s  Counts). 
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Figure  B-l.  Pre-Remediation  In-Situ  y-Radiation  Measurements  -  (n  =  333). 


Figure  B-2.  Scatterplot  of  Characterization  Survey  3x3  Nal(Tl)  Measurements  vs. 
Pre-Remediation  Survev  2x2  Nal(Tl)  Measurements  for  Paired  Grid  Points. 


(Counts) 


Figure  B-3.  Scatterplot  of  Pre-Remedial  Action  Survey  2x2  Nal(Tl) 
Measurements  vs.  Paired  Laboratory  y-Spectroscopy  Analysis  for  234Th. 


Th-234  (pCi/g) 


Table  B-4.  Pre-Remediation  Soil  Sample  y-Spectroscopy  Results. 


Sample 

Base  Sample 

234Th  (pCi  g'1) 

235U  (pCi  g ') 

24 'Am 

Location 

Number 

Value 

Uncertainty 

Value 

Uncertainty 

(pCig1) 

52N-22W 

GS0000552 

8.4 

0.9 

0.27 

0.14 

<0.13 

42N-30W 

GS0000553 

3.9 

0.8 

<0.16 

<0.16 

54N-  14W 

GS0000554 

46 

3 

<0.22 

<0.2 

54N-20W 

GS0000555 

3.3 

0.5 

<0.1 

<0.09 

62N  -  14W 

GS0000556 

1.7 

0.6 

<0.09 

<0.09 

40N-20W 

GS0000557 

5.5 

0.6 

0.16 

0.09 

<0.10 

64N-8W 

GS0000558 

10.7 

0.8 

0.22 

0.11 

<0.11 

58N-8W 

GS0000559 

11.7 

0.7 

0.26 

0.06 

<0.07 

56N  -  14W 

GS0000560 

46 

2 

0.81 

0.10 

<0.11 

50N-  14W 

GS0000561 

4.3 

0.4 

<  0.06 

<0.06 

Mean 

14.2* ** 

5.7 

0.2 

0.11 

*  Total  Estimated  Uranium  Activity  Concentration  is  16.3  pCi  g'1  [Net  =  15.2  pCi  g'1]  using 
assumptions  of  Rademacher  and  Hoak  (2000) 

**  Based  on  Estimated  Ratio  of  U-238  to  U-235  in  DU  using  assumptions  of  Rademacher  and 
Hoak  (2000) 

Uncertainty  Values  at  the  la  Level 


35 


Table  B-5.  Pre-Remediation  Soil  Sample  TCLP-Metals  Results. 
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Table  B-5.  Pre-Remediation  Soil  Sample  TCLP-Metals  Results  (Continued). 
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Table  C-la.  Instrument  Background  and  Quality  Assurance/Quality  Control 
Measurements  [3x3  Nal  -  #1]  (11  September  2000). 


Location 

Counts  (30  s) 

Time 

High  Voltage 

Battery  (V) 

Background  #1 

10,016 

1300 

863 

5.9 

Background  #2 

9,881 

Background  #3 

9,856 

Background  #4 

9,943 

Background  #5 

9,855 

Background  #6 

10,040 

Background  #7 

10,067 

Background  #8 

9,895 

Background  #9 

9,947 

Background  #10 

Background  #1 1 

Background  #12 

10,036 

Background  #13 

9,858 

Background  #14 

9,825 

Background  #15 

9,843 

Background  #16 

9,908 

Background  #17 

9,967 

Background  #18 

10,023 

Background  #19 

9,818 

| 

Background  #20 

9,749 

1330 

863 

5.9 

Note:  Time  notation,  high  voltage  measurement,  and  battery  potential  were  collected  only 
periodically  among  groups  of  measurements. 

B1  GPS  Location:  40°  39.524  (latitude)  86°  08.181  (longitude)  B1  Grid  Location:  10S-0W 
Meter:  Ludlum  Model  2221  Ratemeter/Scaler,  Serial  Number  97810 

Meter  Settings:  HV  =  863  V,  Threshold  =  102,  Window  =  3840  (operated  in  “OUT”  position) 
Probe:  Ludlum  44-20  3x3  Nal(Tl),  Serial  Number  171221  Calibrated:  8  Sep  00 


Mean  Background  Response: 
Standard  Deviation  of  Measurements: 

%  CV: 

Expected  Standard  Deviation: 


9,920.5  counts 

90.6  counts 
0.9  % 

99.6 


41 


Table  C-lb.  Instrument  Background  and  Quality  Assurance/Quality  Control 
Measurements  [3x3  Nal  -  #2]  (11  September  2000). 


Location 

Counts  (30  s) 

Time 

High  Voltage 

Battery  (V) 

Background  #1 

10,031 

1300 

742 

5.9 

Background  #2 

9,897 

W 

Background  #4 

Background  #5 

9,771 

Background  #6 

9,924 

Background  #7 

9,989 

Background  #8 

10,046 

Background  #9 

9,862 

Background  #10 

9,862 

Background  #11 

9,932 

Background  #12 

9,880 

Background  #13 

9,716 

Background  #14 

10,011 

Background  #15 

9,792 

Background  #16 

9,753 

Background  #17 

9,938 

Background  #18 

9,879 

Background  #19 

9,949 

Background  #20 

10,008 

1330 

742 

5.9 

Note:  Time  notation,  high  voltage  measurement,  and  battery  potential  were  collected  only 
periodically  among  groups  of  measurements. 


B1  GPS  Location:  40°  39.524  (latitude)  86°  08.181  (longitude)  B1  Grid  Location:  10S-0W 

Meter:  Ludlum  Model  2221  Ratemeter/Scaler,  Serial  Number  132849 

Meter  Settings:  HV  =  742  V,  Threshold  =  102,  Window  =  3840  (operated  in  “OUT”  position) 

Probe:  Ludlum  44-20  3  x  3  Nal(Tl),  Serial  Number  165386  Calibrated:  8  Sep  00 


Mean  Background  Response: 
Standard  Deviation  of  Measurements: 

%  CV: 

Expected  Standard  Deviation: 


9,900.0  counts 
95.0  counts 
0.96  % 

99.5 
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Table  C-lc.  Instrument  Background  and  Quality  Assurance/Quality  Control 
Measurements  [3x3  Nal  -  #1]  (12  September  2000). 


Location 

Counts  (30  s) 

Time 

High  Voltage 

Battery  (V) 

Background  #1 

10,019 

0935 

867 

6.0 

Background  #2 

9,885 

Background  #3 

9,848 

Background  #4 

9,935 

Background  #5 

9,960 

Background  #6 

9,648 

Background  #7 

9,874 

Background  #8 

9,847 

Background  #9 

9,979 

Background  #10 

9,958 

Background  #1 1 

9,851 

Background  #12 

9,865 

Background  #13 

10,120 

Background  #14 

10,077 

Background  #15 

9,901 

Background  #16 

9,760 

Background  #17 

9,933 

Background  #18 

9,743 

Background  #19 

9,892 

Background  #20 

9,899 

1000 

867 

6.0 

Note:  Time  notation,  high  voltage  measurement,  and  battery  potential  were  collected  only 
periodically  among  groups  of  measurements. 

B1  GPS  Location:  40°  39.524  (latitude)  86°  08.181  (longitude)  B1  Grid  Location:  10S-0W 
Meter:  Ludlum  Model  2221  Ratemeter/Scaler,  Serial  Number  97810 

Meter  Settings:  HV  =  863  V,  Threshold  =103,  Window  =  3851  (operated  in  “OUT”  position) 
Probe:  Ludlum  44-20  3  x  3  NaI(Tl),  Serial  Number  171221  Calibrated:  8  Sep  00 


Mean  Background  Response: 
Standard  Deviation  of  Measurements: 

%  CV: 

Expected  Standard  Deviation: 


9,899.7  counts 
109.4  counts 
1.1  % 

99.5  counts 
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Table  C-ld.  Instrument  Background  and  Quality  Assurance/Quality  Control 
Measurements  [3x3  Nal  -  #2]  (12  September  2000). 


Location 

Counts  (30  s) 

Time 

High  Voltage 

Battery  (V) 

Background  #1 

9,789 

0935 

743 

5.8 

Background  #2 

9,587 

Background  #3 

9,765 

Background  #4 

9,741 

Background  #5 

9,842 

Background  #6 

9,669 

Background  #7 

9,903 

Background  #8 

9,763 

Background  #9 

9,794 

Background  #10 

9,825 

Background  #11 

9,613 

Background  #12 

9,908 

Background  #13 

9,761 

Background  #14 

9,818 

Background  #15 

9,862 

Background  #16 

9,687 

Background  #17 

9,911 

Background  #18 

9,586 

Background  #19 

9,889 

Background  #20 

9,750 

1000 

743 

5.8 

Note:  Time  notation,  high  voltage  measurement,  and  battery  potential  were  collected  only 
periodically  among  groups  of  measurements. 


B1  GPS  Location:  40°  39.524  (latitude)  86°  08.181  (longitude)  B1  Grid  Location:  10S  -  0W 


Meter:  Ludlum  Model  2221  Ratemeter/Scaler,  Serial  Number  132849 

Meter  Settings:  HV  =  743  V,  Threshold  =  101,  Window  =  3874  (operated  in  “OUT”  position) 

Probe:  Ludlum  44-20  3x3  Nal(Tl),  Serial  Number  165386  Calibrated:  8  Sep  00 


Mean  Background  Response 
Standard  Deviation  of  Measurements 

%CV 

Expected  Standard  Deviation 


9,773.2  counts 
102.8  counts 
1.05  % 

98.9  counts 


f 
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Table  C-le.  Instrument  Background  and  Quality  Assurance/Quality  Control 
Measurements  [3x3  Nal  -  #1]  (14  September  2000). 


Location 

Counts  (30  s) 

Time 

High  Voltage 

Battery  (V) 

Background  #1 

10,973 

1100 

869 

5.9 

Background  #2 

10,842 

Background  #3 

11,011 

Background  #4 

10,969 

Background  #5 

10,797 

Background  #6 

10,867 

Background  #7 

10,827 

Background  #8 

11,130 

Background  #9 

10,976 

Background  #10 

Background  #11 

Background  #12 

■ 

i 

Background  #13 

11,173 

Background  #14 

Background  #1 5 

Background  #16 

10,977 

Background  #17 

10,781 

Background  #18 

10,941 

Background  #19 

11,118 

Note:  Time  notation,  high  voltage  measurement,  and  battery  potential  were  collected  only 
periodically  among  groups  of  measurements. 

B1  GPS  Location:  40°  39.524  (latitude)  86°  08.181  (longitude)  B 1  Grid  Location:  10S-0W 

Meter:  Ludlum  Model  2221  Ratemeter/Scaler,  Serial  Number  97810 

Meter  Settings:  HV  =  869  V,  Threshold  =  103,  Window  =  3851  (operated  in  “OUT”  position) 

Probe:  Ludlum  44-20  3  x  3  Nal(Tl),  Serial  Number  171221  Calibrated:  8  Sep  00 


Mean  Background  Response: 
Standard  Deviation  of  Measurements: 

%  CV: 

Expected  Standard  Deviation: 


10,947  counts 
126  counts 
1.2% 

105  counts 
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Table  C-lf.  Instrument  Background  and  Quality  Assurance/Quality  Control 
Measurements  [3x3  Nal  -  #1]  (13  September  2000). 


Location 

Counts  (30  s) 

Time 

High  Voltage 

Battery  (V) 

Background  #1 

10,131 

1305 

868 

5.8 

Background  #2 

10,087 

Background  #3 

10,087 

Background  #4 

10,007 

Background  #5 

10,133 

Background  #6 

10,266 

Note:  Time  notation,  high  voltage  measurement,  and  battery  potential  were  collected  only 
periodically  among  groups  of  measurements. 


B1  GPS  Location:  40°  39.524  (latitude)  86°  08.181  (longitude)  B1  Grid  Location:  10S-0W 
Meter:  Ludlum  Model  2221  Ratemeter/Scaler,  Serial  Number  97810 

Meter  Settings:  HV  =  868  V,  Threshold  =  103,  Window  =  3848  (operated  in  “OUT”  position) 
Probe:  Ludlum  44-20  3  x  3  Nal(Tl),  Serial  Number  171221  Calibrated:  8  Sep  00 


Mean  Background  Response 
Standard  Deviation  of  Measurements 

%CV 

Expected  Standard  Deviation 


10,125  counts 
94  counts 
0.93  % 

101  counts 


* 
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Table  C-lg.  Instrument  Background  and  Quality  Assurance/Quality  Control 
Measurements  [3x3  Nal  -  #1]  (14  September  2000). 


Location 

Counts  (30  s) 

Time 

High  Voltage 

Battery  (V) 

Background  #1 

11,168 

1420 

868 

5.8 

Background  #2 

11,142 

Background  #3 

Background  #4 

Background  #5 

Background  #6 

11,139 

Background  #7 

11,018 

Background  #8 

Background  #9 

Background  #10 

10,799 

Background  #11 

Background  #12 

Background  #13 

10,899 

Background  #14 

10,852 

Background  #15 

Background  #16 

10,965 

Background  #17 

10,889 

Background  #18 

Background  #19 

10,845 

Background  #20 

10,644 

Note:  Time  notation,  high  voltage  measurement,  and  battery  potential  were  collected  only 
periodically  among  groups  of  measurements. 

B 1  GPS  Location:  40°  39.524  (latitude)  86°  08.181  (longitude)  B1  Grid  Location:  10S-0W 
Meter:  Ludlum  Model  2221  Ratemeter/Scaler,  Serial  Number  97810 

Meter  Settings:  HV  =  868  V,  Threshold  =  102,  Window  =  3845  (operated  in  “OUT”  position) 
Probe:  Ludlum  44-20  3  x  3  Nal(Tl),  Serial  Number  171221  Calibrated:  8  Sep  00 


Mean  Background  Response: 
Standard  Deviation  of  Measurements: 

%  CV: 

Expected  Standard  Deviation: 


10,923  counts 
145  counts 
1.3% 

105  counts 
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Table  C-lh.  Instrument  Background  and  Quality  Assurance/Quality  Control 
Measurements  [3x3  Nal  -  #1]  (14  September  2000). 


Location 

Counts  (30  s) 

Time 

High  Voltage 

Battery  (V) 

Background  #1 

10,607 

1600 

869 

5.8 

Background  #2 

10,525 

Background  #3 

Background  #4 

Background  #5 

10,469 

Note:  Time  notation,  high  voltage  measurement,  and  battery  potential  were  collected  only 
periodically  among  groups  of  measurements. 

B 1  GPS  Location:  40°  39.524  (latitude)  86°  08. 1 8 1  (longitude)  B 1  Grid  Location:  1  OS  -  0W 

Meter:  Ludlum  Model  2221  Ratemeter/Scaler,  Serial  Number  97810 

Meter  Settings:  HV  =  869  V,  Threshold  =  102,  Window  =  3845  (operated  in  “OUT”  position) 

Probe:  Ludlum  44-20  3x3  Nal(Tl),  Serial  Number  171221  Calibrated:  8  Sep  00 


Mean  Background  Response: 
Standard  Deviation  of  Measurements: 

%  CV: 

Expected  Standard  Deviation: 


10,571  counts 
119  counts 
1.1  % 

103  counts 
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Table  C-li.  Instrument  Background  and  Quality  Assurance/Quality  Control 
Measurements  [3x3  Nal  -  #1]  (14  September  2000). 


Location 

Counts  (30  s) 

Time 

High  Voltage 

Battery  (V) 

Background  #1 

10,340 

1620 

869 

5.8 

Background  #2 

10,275 

Background  #3 

mtmmK 

Background  #4 

| 

Background  #5 

10,490 

Background  #6 

10,231 

Background  #7 

Background  #8 

■m 

Background  #9 

10,235 

Background  #10 

10,226 

Background  #11 

10,087 

Background  #12 

10,150 

Background  #13 

10,336 

Background  #14 

10,018 

1635 

869 

5.8 

Note:  Time  notation,  high  voltage  measurement,  and  battery  potential  were  collected  only 
periodically  among  groups  of  measurements. 

B1  GPS  Location:  40°  39.524  (latitude)  86°  08.181  (longitude)  B1  Grid  Location:  10S-0W 
Meter:  Ludlum  Model  2221  Ratemeter/Scaler,  Serial  Number  97810 

Meter  Settings:  HV  =  863  V,  Threshold  =  103,  Window  =  3848  (operated  in  “OUT”  position) 
Probe:  Ludlum  44-20  3  x  3  NaI(Tl),  Serial  Number  171221  Calibrated:  8  Sep  00 


Mean  Background  Response: 
Standard  Deviation  of  Measurements: 

%  CV: 

Expected  Standard  Deviation: 


10,277  counts 
137  counts 
1.3  % 

101  counts 
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Table  C-lj.  Instrument  Background  and  Quality  Assurance/Quality  Control 
Measurements  [3x3  Nal  -  #1]  (15  September  2000). 


Location 

Counts  (30  s) 

Time 

High  Voltage 

Battery  (V) 

Background  #1 

10,001 

1410 

869 

5.6 

Background  #2 

10,100 

Background  #3 

10,123 

Background  #4 

10,049 

Background  #5 

10,114 

Former  Hot-Spot 

10,995 

Area  Where  Formerly  the  Highest  In-Situ 
y-Radiation  Measurements  and  Soil  Sampling 

Results  were  Obtained. 

Former  Hot-Spot 

11,101 

Former  Hot-Spot 

11,094 

Former  Hot-Spot 

10,949 

Former  Hot-Spot 

11,036 

Former  Hot-Spot 

11,145 

Background  #1 

10,124 

Background  #2 

10,114 

Background  #3 

10,096 

Background  #4 

10,099 

Background  #5 

10,084 

1630 

868 

5.6 

Note:  Time  notation,  high  voltage  measurement,  and  battery  potential  were  collected  only 
periodically  among  groups  of  measurements. 


B1  GPS  Location:  40°  39.524  (latitude)  86°  08.181  (longitude)  B1  Grid  Location:  10S-0W 
Meter:  Ludlum  Model  2221  Ratemeter/Scaler,  Serial  Number  97810 

Meter  Settings:  HV  =  868  V,  Threshold  -  103,  Window  =  3848  (operated  in  “OUT”  position) 
Probe:  Ludlum  44-20  3x3  Nal(Tl),  Serial  Number  171221  Calibrated:  8  Sep  00 


Before 

After 

Mean  Background  Response 

10,077  counts 

10,103  counts 

Standard  Deviation  of  Measurements 

51  counts 

16  counts 

%CV 

0.5  % 

0.15  % 

Expected  Standard  Deviation 

100  counts 

101  counts 

Mean  Former  Hot-Spot  Area 

11,053  counts 

Standard  Deviation  of  Measurements 

73  counts 

%CV 

0.7  % 
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Table  C-2a.  In-Situ  Grid  Measurements  [3x3  Nal  -  #1]  (11  September  2000). 


Location 

Counts  (30  s) 

High  Voltage 

Battery  (V) 

55N-17W  #1 

45,481 

861 

5.9 

55N-17W  #2 

44,874 

55N-17W  #3 

45,003 

55N-17W  #4 

44,969 

55N-17W  #5 

44,647 

Mean  =  44,995  (%  CV  =  0.68  %) 

Table  C-2b.  In-Situ  Grid  Measurements  [3x3  Nal  -  #2]  (11  September  2000). 


Location 

Counts  (30  s) 

Time 

High  Voltage 

Battery  (V) 

55N-17W  #1 

1330  . 

740 

5.8 

55N-17W  #2 

55N-17W  #3 

50,251 

55N-17W  #4 

50,316 

55N-17W  #5 

50,850 

Mean  =  50,606  (%  CV  =  0.60  %) 

Table  C-2c.  In-Situ  Grid  Measurements  [3x3  Nal  -  #1]  (11  September  2000). 


Location 

Counts  (30  s) 

Time 

High  Voltage 

Battery  (V) 

50N-10W 

10,330 

1400 

861 

5.9 

60N-10W 

10,734 

50N-20W 

10,047 

40N-30W 

10,413 

23N-52W 

10,350 

Note:  Time  notation,  high  voltage  measurement,  and  battery  potential  were  collected  only 
periodically  among  groups  of  measurements. 
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Table  C-3.  Post-Remediation  (1st  Lift)  Grid  Measurements  (30  s  Counts). 

[3x3  Nal  -  #1] 


Location 

West  (m) 

Location  North  (meters) 

23 

36 

38 

40 

42 

44 

46 

48 

50 

10 

11146* 

10976** 

11478** 

11191 

10836 

12 

10841 

mi 

11100 

10765 

11141 

14 

10980 

11070 

16 

10862** 

11023 

11167 

11164 

10993 

18 

10809 

10962 

11478 

11107 

20 

1 1264** 

11447 

11427 

11565 

22 

11337 

11380 

12640** 

28 

12265* 

11392 

11629 

32 

11608* 

37 

11662 

52 

11555 

Location 

West  (m) 

Location  North  (meters) 

52 

53 

54 

55 

56 

58 

60 

62 

64 

6 

11166 

11331* 

11594* 

8 

ma 

BISS 

11131 

10995* 

11150 

mm 

10998** 

12 

10872 

11578 

11309 

10973 

14 

ppbb 

10804 

16 

18 

11834 

24 

12000* 

*  Measurement  within  30  cm  of  excavation  edge 
**  Measurement  within  100  cm  of  excavation  edge 
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Table  C-4.  Post-Remediation  (2nd  Lift)  Grid  Measurements  (30  s  Counts). 

[3x3  Nal  -  #1] 


Grid  Location  (meters) 

1st  Lift 
(Counts) 

2nd  Lift 
(Counts) 

Difference 

(Counts) 

N-S 

E-W 

5  ON 

22W 

12,640 

11,820 

-820 

52N 

20W 

11,840 

11,680 

- 160 

52N 

18W 

11,736 

11,465 

-271 

54N 

18W 

12,263 

11,864 

-399 

54N 

11,499 

-79 

56N 

16W 

180 

54N 

14W 

176 

Table  C-5.  Post-Remediation  (1st  Lift)  Field  Replicate  Grid  Measurements 

(30  s  Counts)  [3x3  Nal  -  #1] 


Grid  Location  (meters) 

1st 

Replicate 

Difference 

N-S 

E-W 

Measurement  (Counts) 

48N 

12W 

10,802 

11,427 

625 

50N 

14W 

10,836 

11,600 

764 

56N 

14W 

11,664 

11,982 

318 

52N 

18W 

— 

11,969 

233 

48N 

18W 

— 

11,714 

236 

44N 

18W 

— 

473 

46N 

22W 

mssm 

- 124 

60N 

8W 

11,598 

535 

40N 

30W 

■B 

11,340 

-52 

36N 

37W 

11,662 

11,451 

-211 

Mean  Difference 

280 

Standard  Deviation 

329 
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Table  C-6.  Post-Remediation  Soil  Sample  y-Spectroscopy  Results, 


Sample 

Location 

Base  Sample 
Number 

234Th  (pCi  g1) 

235u  (pCi  g-‘) 

241Am 

(pCig1) 

Value 

Uncertainty 

Value 

Uncertainty 

19N-54W 

GS0000705 

1.3 

0.2 

<0.03 

NA 

<0.06 

26N-50W 

GS0000706 

3.6 

0.3 

<0.03 

NA 

<0.07 

26N-50W 

Duke-G56036 

3.9 

<0.04 

NA 

0.13  ±0.08 

26N  -  58W 

GS0000707 

0.6 

0.2 

<0.03 

NA 

<0.06 

33N  -  6W 

GS0000708 

0.8 

NA 

<0.06 

33N-14W 

GS0000709 

<0.51 

<0.03 

NA 

33N-14W 

Duke-G56037 

1.1 

0.5 

0.04  ±  0.07 

33N-30W 

GS0000710 

0.2 

<0.03 

NA 

33N-30W 

GS0000711 

0.2 

0.11 

0.01 

33N-38W 

GS0000712 

1.7 

<0.03 

NA 

33N-38W 

Duke-G56038 

1.4 

0.16  +  0.06 

40N  -  2W 

GS0000713 

1.2 

0.2 

NA 

<0.06 

40N-2W 

1.2 

<0.03 

NA 

0.06  ±  0.09 

40N  -  10W 

<0.03 

NA 

40N-  10W 

GS0000715 

0.2 

<0.03 

NA 

<0.04 

40N-18W 

GS0000716 

1.3 

0.2 

<0.03 

NA 

40N-26W 

GS0000717 

0.7 

0.2 

<0.03 

NA 

40N-26W 

Duke-G56040 

1.1 

<0.03 

NA 

40N-34W 

GS0000718 

1.7 

<0.03 

NA 

<0.04 

40N-42W. 

GS0000719 

<0.03 

NA 

<0.03 

47N-6W 

GS0000720 

1.6 

0.2 

<0.03 

NA 

<0.04 

47N  -  14W 

GS0000721 

3.7 

0.3 

<0.03 

NA 

<0.04 

47N-14W 

Duke-G56041 

4.3 

0.3 

0.07 

0.09 

47N-22W 

GS0000722 

1.7 

0.2 

<0.03 

NA 

47N-30W 

GS0000723 

1.1 

0.2 

<0.03 

NA 

<0.03 

GS0000724 

1.5 

0.2 

<0.03 

NA 

Duke-G56042 

2.3 

0.5 

0.12 

0.08 

0.27  ±0.11 

54N-10W 

GS0000725 

0.9 

0.2 

<0.03 

NA 

<0.04 

54N-18W 

GS0000726 

7.4 

0.24 

54N-18W 

Duke-G56043 

5.9 

0.8 

0.25 

54N-26W 

GS0000727 

0.9 

NA 

54N-26W 

Duke-G56044 

0.6 

| 

NA 

0.03  ±  0.08 

61N-6W 

GS0000728 

NA 

<0.04 

61N-6W 

GS0000729 

| 

NA 

<0.04 

61N-14W 

GS0000730 

1.0 

NA 

<  0.04 

61N-  14W 

Duke-G56045 

1.3 

61N-22W 

GS0000731 

0.9 

NA 

68N-10W 

GS0000732 

0.7 

0.12 

Uncertainty  Values  at  the  la  Level  Cells  Highlighted  and  Combined  Indicate  Replicates  NA  =  Not  Applicable 


¥ 
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Appendix  D 


Complete  Private  Third-Party 
(Duke  Engineering  Services) 
y-Spectroscopy  Analysis  Results 
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DCT-20-2000  09:27 


DES-ELftB 


978  568  2520  P.10 


DUKE  ENGINEERING  AND  SERVICES 
ENVIRONMENTAL  LABORATORY 


Customer:  Brooks  ARB 
Attention:  Tsgt.  Karen  Glaken 


Report  Date:  10/19/00 
Analysis  Date:  10/03/00 
Receipt  Date:  09/ 19/00 
Reference  Date:  09/14/00 


Station  No:  28 


Sample  Amount:  1.410  •  kg 

Elapsed  Time:  19.0417  days 

Comment: 

Decay 


A26W  A54N 

Lab  Sample  #:  G56044 

Sample  Code:  ZTS  28  3700 
Analyses  Req:  G 

Activity  - - - 

Cone.  ±  a  MDC 


XNp-239 

CO-57 

9.52E-01 

(  22 

± 

10)  E 

00 

33E  00 

Ce-144 

9.54E-01 

(  32 

i 

80)  E 

00 

27E  01 

Ce-i4i 

6.66E-01 

(  29 

± 

26)  E 

00 

87E  00 

xMo-99 

Se-75 

8.95E-01 

(  16 

± 

16)  E 

00 

53E  00 

Cr-51 

6.21E-01 

(-10 

± 

15)  E 

01 

52E  01 

1-131 

1.93E-01 

(-4 

± 

53)  E 

00 

19E  01 

Be-7 

7.81E-01 

(  20 

± 

11)  E 

01 

36E  01 

Ru-103 

7.14E-01 

(  7 

± 

14)  E 

00 

47E  00 

xI-133 

Ba-140 

3.56E-01 

(”9 

± 

11)  E 

01 

40E  01 

Cs-134 

9.82E-01 

(-64 

+ 

89)  E- 

-01 

42E  00 

RU— 106 

9.64E-01 

(  26 

± 

98  )E 

00 

34E  01 

Cs— 137 

9.98E-01 

(  529 

± 

30)  E 

00 

58E  00 

Ag-llOM 

9.48E-01 

(-26 

± 

15)  E 

00 

59E  00 

Zr-95 

8.13E-01 

(  2 

± 

20)  E 

00 

73E  00 

CO-58 

8.29E-01 

(-19 

± 

11)  E 

00 

43E  00 

Hn-54 

9.58E-01 

(  4 

± 

12)  E 

00 

42E  00 

AcTh228 

1.00E  00 

(  902 

± 

50)  E 

00 

15E  01 

Tel-132 

1.74E-02 

(-10 

+ 

13)  E 

02 

45E  02 

Fe-59 

7.43E-01 

(-19 

± 

42)  E 

00 

16E  01 

Zn-65 

9.47E-01 

(-45 

± 

57)  E 

00 

20E  01 

Co— 60 

9.93E-01 

(  3 

± 

12)  E 

00 

43E  00 

K-40 

1.00E  00 

(  1363 

± 

49)  E 

01 

36E  01 

Sb-124 

8.03E-01 

(  5 

± 

17)  E 

00 

6SE  OP 
29E+01 

U— 235 

1.00E  00 

(  -37 

± 

83)  E 

00 

Th— 234 

1.00E  00 

(  57 

± 

46)  E-f-01 

15E+02 

An-241 

1.00E  00 

(  32 

± 

78) E+00 

27E+01 

Activity  greater  than  3  standard 
Peak  is  found 

Decay  correction  is  less  than  .01 


standard  deviations 


Reporting  level  ratio: 


0.000 


M.  Raimondi 
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OCT-20-2000  09=2? 


DES-ELAB 


978  568  2520  P.ll 


DUKE  ENGINEERING  AND  SERVICES 
ENVIRONMENTAL  LABORATORY 

Analysis  Report 


Customer:  Brooks  AFB 
Attention:  Tsgt.  Karen  Glacken 


Report  Date: 
Analysis  Date: 
Receipt  Date: 
Reference  Date: 


10/19/00 

10/03/00 

09/19/00 

09/14/00 


-SfliL 


Station  No:  29 


A14W  A61N 


Sample  Amount:  0.504  kg 

Elapsed  Time:  19.0442  days 

Comment: 


Nucllflfi- 


Decay 

Correction 


xNp-239 
Co-57 
Ce-144 
Ce-141 
xMo-99 
Se-75 
Cr-51 
1-131 
Be-7 
Ru-103 
xI-133 
Ba-140 
Cs-134 
Ru— 106 
+*  Cs-137 

Ag-llOM 
Zr-95 
Co-58 
Mn-54 

+*  AcTh228 
Tel— 132 
Pe-59 
Zn-65 
Co-60 
+*  K-40 

Sb-124 
D— 235 
+  Th— 234 

Am-241 
Notes: 

*  Activity  greater 
+  Peak  is  found 
x  Decay  correction 


Reporting  level  ratio: 


Lab  Sample  /;  G56045 

Sample  Code:  2TS  29  3700 
Analyses  Reg:  G 
Activity  — 


Cone.  ±  a  MDC 

- rnlcoCurie/  kg-drv  ] _ 


than  3  standard  deviations 
ie  less  than  .01 
0.000 


9.52E-01 

(  12 

± 

11)  E 

00 

38E  00 

9.54E-01 

(-1 

± 

92)  E 

00 

32E  01 

6.66E-01 

(  15 

± 

29)  E 

00 

98E  00 

8.95E-01 

(  21 

+ 

17)  E 

00 

58E  00 

6.20E-01 

(  21 

+ 

17)  E 

01 

56E  01 

1.93E-01 

(  73 

± 

67)  E 

00 

22E  01 

7.81E-01 

(  8 

+ 

15)  E 

01 

52E  01 

7 . 14E-01 

(-10 

+ 

17)  E 

00 

62E  00 

3.56E-01 

(  8 

+ 

12)E 

01 

4  IE  01 

9.82E-01 

(  28 

+ 

19)  E 

00 

64E  00 

9.64E-01 

(-4 

± 

13)  E 

01 

47E  01 

9.98E-01 

(  478 

± 

35)  E 

00 

73E  00 

9.48E-01 

(  2 

± 

19)  E 

00 

67E  00 

8.13E-01 

(  49 

± 

27)  E 

00 

89E  00 

8.29E-01 

(-19 

± 

14)  E 

00 

56E  00 

9.58E-01 

(  5 

± 

12)  E 

00 

44E  00 

1.00E  00 

(  691 

± 

55)  £ 

00 

19E  01 

1.73E-02 

(-19 

± 

10)  E 

02 

40E  02 

7.43E-01 

“17 

± 

56)  E 

00 

2  IE  01 

9.47E-01 

(  30 

± 

68)  E 

00 

23E  01 

9.93E-01 

(-47 

± 

15)  E 

00 

66E  00 

9.99E-01 

(  1369 

± 

57)  E 

01 

43E  01 

8.02E-01 

(  7 

+ 

29)  E 

00 

HE  01 

1. 00E+00 

(  70 

± 

91)  E 

00 

31E+01 

1.0QE+00 

(  133 

± 

67) E+01 

22E+02 

1.00E+00 

(  54 

± 

58)  E 

00 

19E+01 

X'"~a.  M.  Raimondi 
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TOTAL  P.ll 


OCT-20-2000  09:25  DES-ELAB 


978  568  2520  P.02 


DUKE  ENGINEERING  AND  SERVICES 
ENVIRONMENTAL  LABORATORY 


Analysis  Report 


Customer :  Brooks  AFB 
Attention:  TSgt.  Karen  Glaken 


Report  Date:  10/09/00 
Analysis  Date:  10/03/00 
Receipt  Date:  09/19/00 
Reference  Date:  09/14/00 


Soil 


Station  No:  20 


A50W  A26N 


Sample  Amount:  1.359  kg^ 

Elapsed  Time:  18.9767  '&ay& 

Comment: 


Nuclide 


+* 


+* 


+* 


Decay 

Correction 


Lab  Sample  #:  G56036 

Sample  Code:  ZTS  20  3700 
Analyses  Req:  G 
Activity  — 


Cone.  ±  a  ■  JffiC 

fpicoCurie/  kg-dry  i 


XNp-239 
CO-57 
Ce-144 
Ce-141 
xMo-99 
Se-75 
Cr-51 
1-131 
Be-7 
Ru— 103 
Xl-133 

Ba-140 
Cs-134 
Ru-106 
Cs— 137 
Ag-llOM 
Zr-95 
Co-58 
Mn-54 
AcTh228 
Tel-132 
Fe-59 
Zn-65 
CO-60 
K— 40 
Sb— 124 
U— 235 
+*  .  Th-234 
„  .  Am-241 

*  Activity  greater  than  3  standard  deviations 
+  Peak  is  found 

x  Decay  correction  is  less  than  *01 


9.52E-01 

(  1 

± 

12) E  00 

42E  00 

9.54E-01 

(t52 

± 

94) E  00 

33E  01 

6.67E-01 

(  40 

+ 

33) E  00 

HE  01 

8.95E-01 

(  9 

± 

20) E  00 

69E  00 

6.22E-01 

(  4 

± 

18) E  01 

61E  01 

1.94E-01 

(-12 

± 

68) E  00 

24E  01 

7.81E-01 

(  13 

± 

14) E  01 

47E  01 

7.15E-01 

(  o 

± 

18) E  00 

63E  00 

3.57E-01 

(  3 

± 

14) E  01 

49E  01 

9.82E-01 

(-10 

± 

13) E  00 

50E  00 

9.64E-01 

(  2 

± 

15) E  01 

52E  01 

9.98E-01 

(  378 

± 

33) E  00 

72E  00 

9.48E-01 

(  o 

± 

18) E  00 

68E  00 

8.14E-01 

(-28 

± 

29) E  00 

11E  01 

8.30E-01 

(-12 

± 

12) E  00 

50E  00- 

9.58E-01 

(-15 

± 

14) E  00 

53E  00 

1.00E  00 

(  779 

± 

68) E  00 

22E  01 

1.76E-02 

(-21 

± 

18) E  02 

65E  02 

7.44E-01 

(  3 

± 

59) E  00 

22E  01 

9.47E-01 

(  126 

+ 

69) E  00 

23E  01 

9.93E-01 

(-10 

+ 

14) E  00 

56E  00 

9.99E-01 

(  1342 

± 

63) E  01 

63E  01 

8.03E-01 

(-33 

± 

24) E  00 

12E  01 

l.OOE  00 

(  -10 

± 

10) E+01 

36E+01 

1.00E  00 

(  385 

± 

72) E+01 

25E+02 

l.OOE  00 

(  133 

t 

75) E  00 

25E+01 
Approved  by 

Reporting  level  ratio: 


0,000 


v — a.  M.  Raimonai 
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OCT-20-2000  09:25 


DES-ELAB 


978  568  2520  P.03 


DUKE  ENGINEERING  AND  SERVICES 
ENVIRONMENTAL  LABORATORY 


.Analysis  Report 


Customer:  Brooks  AFB 
Attention:  TSgt.  Karen  Glaken 


Report  Date: 
Analysis  Date: 
Receipt  Date: 
Reference  Date: 


10/09/00 

10/03/00 

09/19/00 

09/14/00 


Soil 


Station  No:  21  A14W  A33N 


Sample  Amount:  1.366  *9  V 

Elapsed  Time:  18.9778  days 

Comment : 


.ymollde 


xNp-239 


Decay 

Correction 


Lab  Sample  f:  G56037 

Sample  Code:  ZTS  21  3700 
Analyses  Req:  G 
Activity  — 


Cone.  ±  a  MDC 

_ fpicoCurie/'  kq-dry  } 


x  Decay  correction  is  less  than  .01 
Reporting  level  ratio:  0.000 


CO-57 

9.52E-01 

(-6 

± 

12)  E 

00 

42E  00 

Ce-144 

9.54E-01 

(—20 

± 

96)  E 

00 

33E  01 

Ce-141 

xMo-99 

6.67E-01 

(  70 

± 

33)  E 

00 

HE  01 

Se-75 

8.95E-01 

(  3 

± 

20)  E 

00 

68E  00 

Cr-5l 

6i21E-01 

(  25 

± 

19)  E 

01 

62E  01 

1-131 

1.94E-01 

(-70 

± 

72)  E 

00 

26E  01 

Be-7 

7.81E-01 

(  23 

± 

17)  E 

01 

58E  01 

Ru— 103 

XI— 133 

7.15E-01 

(  16 

± 

18)  E 

00 

63E  00 

Ba-140 

3.57E-01 

(-11 

+ 

14  )E 

01 

53E  01 

Cs-134 

9.82E-01 

(-10 

± 

14  )E 

00 

5  IE  00 

RU— 106 

9.64E-01 

(-15 

± 

12  )E 

01 

49E  01 

+*  Cs-137 

9.98E-01 

(  458 

± 

36)  E 

00 

73E  00 

.Ag-110M 

9.48E-01 

(  13 

± 

22)  E 

00 

77E  00 

Zt-95 

8.14E-01 

(-40 

± 

30)  E 

00 

12E  01 

CO-58 

8  »  30E—01 

(  o 

± 

16)  E 

00 

58E  00 

Mn-54 

9.58E-01 

(  2 

± 

16)  E 

00 

60E  00 

+*  AoTh228 

1.00E  00 

(  857 

+ 

72)  E 

00 

23E  01 

Tel-132 

1.76E-02 

(-11 

± 

11)E 

02 

43E  02 

Fe-59 

7.44E-01 

(-81 

+ 

60)E 

00 

24E  01 

Zn-65 

9.47E-01 

(  117 

± 

87)  E 

00 

29E  01 

Co-60 

9.93E-01 

(  21 

± 

18)  E 

00 

6  IE  00 

+*  K— 40 

9.99E-01 

(  1371 

+ 

69)  E 

01 

79E  01 

Sb— 124 

8.03E-01 

(0 

± 

19  )E 

00 

90E  00 

U— 235 

1.00E  00 

(  78 

± 

99)  E 

00 

33E+01 

.+  Th-234 

1.00E  00 

(  109 

± 

S3)E+01 

17E+02 

.  ^ Am-241  1.00E  00 

Not^^r 

*  Activity  greater  than  3  standard 
+  .  Peak  is  found 

(  43  ± 

deviations 

66)  E 

00 

22E+01 
Approved  bj 

^4? 


fiTRa  imond  i 
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OCT-20-2000  09=25 


DES-ELAB 


978  568  2520 


DUKE  ENGINEERING  AND  SERVICES 
ENVIRONMENTAL  LABORATORY 


Customer:  Brooks  AFB 
Attention:  TSgt.  Karen  Glaken 


Report  Date:  10/09/00 
Analysis  Date:  10/03/00 
Receipt  Date:  09/19/00 
Reference  Date:  09/14/00 


station  No:  22 


Semple  Amount:  1.458 
Elapsed  Time:  18.9791 

Comment: 


Nuclide^ 


day! 


Decay 

Correctlor 


A38W  A33N 

Lab  Sample  /:  G56038 

Sample  Code:  ZTS  22  3700 
Analyses  Reg:  G 

-  Activity  - 

Cone.  ±  C  ,  MDC 

icoCurief  kg-dry  1 


xNp-239 

Co— 57 

9.52E-01 

(-18 

± 

11)  E 

00 

40E  00 

Ce-144 

9.54E-01 

(-100 

± 

92)  E 

00 

32E  01 

Ce-141 

6.67E-01 

(  36 

± 

31)  E 

00 

10E  01 

xMo-99 

Se-75 

8.95E-01 

(-45 

± 

20)  E 

00 

75E  00 

Cr-51 

6.21E-01 

(-25 

± 

18)  E 

01 

66E  01 

1-131 

1.94E-01 

(  48 

± 

65)  E 

00 

22E  01 

Be- 7 

7.81E-01 

(  12 

± 

14)  E 

01 

49E  01 

RU-103 

7.15E-01 

(  12 

± 

17  )E 

00 

59E  00 

Xl-133 

Ba-140 

3.57E-01 

(  13 

± 

14)  E 

01 

48E  01 

Cs-134 

9.82E-01 

(-5 

± 

12)  E 

00 

48E  00 

Ru— 106 

9.64E-01 

(-7 

± 

14)E 

01 

52  E  01 

•f* 

Cs— 137 

9.98E-01 

(  417 

± 

33)E 

00 

64E  00 

Ag-110M 

9.48E-01 

(-38 

± 

23)  E 

00 

90E  00 

Zr-95 

8.14E-01 

(  31 

± 

27)  E 

00 

92E  00 

CO-58 

8.30E-01 

(-15 

+ 

14)  E 

00 

56E  00 

Mn-54 

9.58E-01 

(  2 

± 

17)  E 

00 

62E  00 

+* 

AcTh228 

1.00E  OO 

(  786 

+ 

65)  E 

OO 

20E  01 

Tel— 132 

1.76E-02 

(  20 

± 

19)  E 

02 

64E  02 

Fe-59 

7.44E-01 

(  19 

+ 

54)  E 

00 

20E  01 

Zn-65 

9.47E-01 

(-114 

± 

76)  E 

00 

28E  01 

CO-60 

9.93E-01 

(-29 

± 

16)  E 

00 

69E  00 

+* 

K— 40 

9.99E-01 

(  1486 

+ 

68)  E 

01 

66E  01 

Sb-124 

8.03E-01 

(  27 

± 

20)  E 

00 

66E  00 

U-235 

1.00E  00 

(  92 

± 

94)E 

00 

36E+01 

+ 

Th— 234 

1.00E  00 

(  141 

± 

73)E+01 

24E+02 

Am-241 

1.00E  00 

(  162 

+ 

62  )E 

00 

20E+01 

Notes : 

Approved  by 

Activity  greater  than  3  standard  deviations 
Peak  1s  found 

Decay  correction  is  less  than  .01 


Reporting  level  ratio: 


o.ooo 


taimonc 
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OCT-20-2000  09:26 


DES-ELAB 


978  568  2520  P.05 


DUKE  ENGINEERING  AND  SERVICES 
ENVIRONMENTAL  LABORATORY 


Analysis  Report, 


Customer:  Brooks  AFB 

attention:  TSgt.  Karen  Glaken 


Report  Date:  10/09/00 
Analysis  Date:  10/03/00 
Receipt  Date:  09/19/00 
Reference  Date:  09/14/00 


Soli. 


Station  No:  23 


A02W  A40N 


Sample  Amount:  1.382  kg 
Elapsed  Time:  18.9803  days 

Comment: 


Nuclide 


Decay 

Correction, 


Lab  Sample  #:  G56039 

Sample  Code:  ZTS  23  3700 
Analyses  Reg:  G 
-  Activity  — 


cone .  ±  a 
_ fpicocurle/ 


kg-dryn 


MDC 


xNp-239 

CO-57 

9.52E-01 

(  11 

± 

11) E  00 

Ce-144 

9.54E-01 

(-78 

± 

87) E  00 

Ce-141 

xKo-99 

6.67E-01 

(  13 

+ 

28) E  00 

Se-75 

8.95E-01 

(-23 

+ 

18) E  00 

Cr-51 

6.21E-01 

(-23 

± 

16) E  01 

1-131 

1.94E-01 

(-5 

± 

64)E  00 

Be-7 

7.81E-01 

(  11 

± 

12) E  01 

Ru— 103 

Xl-133 

7.15E-01 

(  14 

±* 

15) E  00 

Ba-140 

3.57E-01 

(-25 

± 

13) E  01 

Ce-134 

9.82E-01 

(-6 

+ 

11) E  00 

RU— 106 

9.64E-01 

(-17 

+ 

11) E  01 

+* 

CS— 137 

9.98E^-01 

(  450 

+ 

29) E  00 

Ag-110M 

9.48E-01 

(  9 

± 

18 )E  00 

Zr-95 

8.14E-01 

(  21 

+ 

24)E  00 

CO-58 

8.30E-01 

(-16 

± 

13) E  00 

Mn-54 

9.58E-01 

(-5 

± 

14 )E  00 

+* 

AcTh228 

1.00E  00 

(  728 

± 

53) E  00 

Tel-132 

1.76E-02 

(-235 

± 

91)  E  01 

Fe-59 

7.44E-01 

(-13 

± 

47) E  00 

Zn-65 

9.47E-01 

(-100 

± 

63 )E  00 

Co-60 

9.93E-01 

{  11 

± 

12) E  00 

+* 

K— 40 

1.00E  00 

(  1419 

± 

55) E  01 

Sb— 124 

8.03E-01 

(  12 

± 

15) E  00 

U-235 

1.00E+00 

(  -97 

± 

86)E  00 

+ 

Th-234 

1.00E+00 

(  124 

± 

58)E+01 

Am-241 

Notes : 

1.00E+00 

(  63 

±  ' 

85)E+00 

* 

+ 

X 

Activity  greater  than  3 
Peak  is  found 

Decay  correction  is  less 

standard  deviations 

than  .01 

38E  00 
3  IE  01 
95E  00 


64E  00 
58E  01 
22E  01 
4  IE  01 
S0E  00 


51E  01 
40E  00 
44E  01 
50E  00 
62E  00 
81E  00 
52E  00 
50E  00 
18E  01 
37E  02 
17E  01 
23E  01 
42E  00 
44E  01 
58E  00 
30E+01 
25E+02 
29E+01 
Approved  by 


Reporting  level  ratio: 


0.000 


dizh- 

m.  Raimongi 
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OCT-20-2 000  09=26 


DES-ELAB 


978  568  2520 


P.06 


DUKE  ENGINEERING  AND  SERVICES 
ENVIRONMENTAL  LABORATORY 


_ Analysis  Report 

customer:  Brooks  APB 
Attention:  TSgt.  Karen  Glaken 


At 


Report  Date:  10/09/00 
Analysis  Date:  10/03/00 
Receipt  Date:  09/19/00 
Reference  Date:  09/14/00 


Soil 


Station  No:  24  A26W  A40N 


Sample  Amount:  1.459  kg  ;  . 

Elapsed  Time:  18.9812  days 

Comment: 

'  Decay 

Nuclide _ Correction 


Lab  Sample  fi  G56040 

Sample  Code:  ZTS  24  3700 
Analyses  Reg:  G 

-  Activity  - 

Cone.  ±  a  MDC 

_ fpicoCurieA  Kg-dry  y _ 


> 


Jh 


xNp-239 

Co-57 

9.52E-01 

(-12 

+ 

10)  E 

00 

36E  00 

Ce-144 

9.54E-01 

(-16 

± 

82)E 

00 

28E  01 

Ce-141 

6.67E-01 

(  36 

+ 

26)  E 

00 

85E  00 

xMo-99 

Se-75 

8.95E-01 

("7 

± 

17)  E 

00 

61E  00 

Cr-51 

6.21E-01 

(-15 

± 

15)  E 

01 

54E  01 

1-131 

1.94E-01 

(-4 

+ 

56)  E 

00 

20E  01 

Be-7 

7.81E-01 

(  9 

± 

12)  E 

01 

42E  01 

Ru-103 

7.15E-01 

(-U 

± 

14)  E 

00 

52E  00 

xI-133 

Ba-140 

3.57E-01 

(  8 

+ 

12)  E 

01 

40E  01 

Cs-134 

9.82E-01 

(  o 

+ 

12  )E 

00 

41E  00 

Ru— 106 

9.64E-01 

(-5 

± 

11)  E 

01 

39E  01 

+* 

Cs— 137 

9.98E-01 

(  628 

± 

32)  E 

00 

51E  00 

Ag-110M 

9.48E-01 

(-6 

± 

15)  E 

00 

57E  00 

Zr-95 

8 . I4E-01 

(  18 

± 

20)  E 

00 

67E  00 

Co— 58 

8.30E-01 

(  30 

± 

19)  E 

00 

63E  00 

Mn-54 

9.58E-01 

(  15 

± 

12)  E 

00 

41E  00 

+* 

AcTh228 

1.00E  00 

(  826 

+ 

55)  E 

00 

16E  01 

Tel-132 

1.76E-02 

(  21 

± 

13 )  E 

02 

43E  02 

Fe-59 

7.44E-01 

(-5 

± 

38)  E 

00 

14E  01 

Zn-65 

9.47E-01 

(-113 

± 

64)  E 

00 

23E  01 

Co-60 

9.93E-01 

(  14 

± 

11)  E 

00 

38E  00 

+* 

K-40 

9.98E-01 

(  1448 

± 

52)  E 

01 

37E  01 

Sb-124 

8.03E-01 

(  14 

± 

18)  E 

00 

68E  00 

U-235 

1.00E  00 

(  2 

± 

78)  E 

00 

27E+01 

+ 

Th-234 

1.00E  00 

(  108 

± 

51) E+01 

17E+02 

Am-241 

1.00E  00 

(-138 

± 

79)  E 

00 

28E+Q1 

Notes : 

*  Activity  greater  than  3 
+  Peak  is  found 
x  Decay  correction  is  less 

standard  deviations 

than  . 01 

Approved  by 

Reporting  level  ratio:  o.ooo 


<u — oacJ  ( o 

Raimondi 
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OCT-20-2000  09:26 


DES-ELPB 


978  568  2520  P.07 


DUKE  ENGINEERING  AND  SERVICES 
ENVIRONMENTAL  LABORATORY 


Analysis  Report 


Customer;  Brooks  AFB 
Attention:  TSgt.  Karen  Glaken 


Report  Date: 
Analysis  Date: 
Receipt  Date: 
Reference  Date: 


10/09/00 

10/03/00 

09/19/00 

09/14/00 


-Soil 


Station  No:  25 


A14W  A47N 


Sample  Amount:  1.601  kg 

Elapsed  Time:  18.9821  days 

Comment : 


Nuclide 


Decay 

Correction 


Lab  Sample  #:  G56041 

Sample  Code:  ZTS  25  3700 
Analyses  Reg:  G 
Activity  — 


xNp-239  - 

CO-57  9.52E-01 

Ce-144  9.54E-01 

Ce-141  6.67E-01 

xHo-99  - 

Se-75  8.95E-01 

Cr-51  6.21E-01 

1-131  1.94E-01 

Be-7  7.81E-01 

Ru-103  7.15E-01 

yT— 133  _ 

Ba-140  3.57E-01 

Cs— 134  9.82E-01 

RU-106  9.64E-01 

+*  Cs-137  9.98E-01 

Ag-llOM  9.48E-01 

Zr-95  8.14E-01 

Co-58  8.30E-01 

Mn-54  9.58E-01 

+*  AcTh228  1.00E  00 

Tel-132  1.76E-02 

Fe-59  7.44E-01 

Zn-65  9.47E-01 

CO— 60  9.93E-01 

+*  K— 40  9.98E-01 

Sb— 124  8.03E-01 

U— 235  1.00E  00 

+*  Th-234  1.00E  00 

Am-241  1.00E  00 

Notes : 

*  Activity  greater  than  3 
+  Peak  is  found 

x  Decay  correction  is  less  than  .01 


Cone.  ±  a  MDC 

_ fpicocurie/  Kg-dry  i 


standard  deviations 


(-10 

± 

10)  E 

00 

37E  00 

(-101 

± 

87)  E 

00 

30E  01 

(  24 

± 

28}  E 

00 

92E  00 

(  io 

± 

14)  E 

00 

49E  00 

(-14 

± 

15)  E 

01 

54E  01 

(  105 

± 

50)  E 

00 

16E  01 

(-5 

± 

11)  E 

01 

40E  01 

(  13 

+ 

12)  E 

00 

42E  00 

(-43 

+ 

92)  E 

00 

34E  01 

(-8 

+ 

11)  E 

00 

40E  00 

(  6 

± 

10)  E 

01 

35E  01 

(  93 

± 

20)  E 

00 

57E  00 

(-8 

± 

14)  E 

00 

52E  00 

(  42 

± 

51)  E 

00 

17E  01 

(-25 

± 

11)  E 

00 

46E  00 

(  8 

± 

12)  E 

00 

40E  00 

(  770 

± 

50)  E 

00 

17E  01 

(-69 

± 

88)  E 

01 

33E  02 

(  53 

± 

43)  E 

00 

15E  01 

(  30 

± 

59)E 

00 

20E  01 

(-8 

± 

11)  E 

00 

44E  00 

(  1335 

± 

51)  E 

01 

38E  01 

(  o 

± 

22)  E 

00 

89E  00 

(  66 

± 

87)  E 

00 

29E+01 

(  427 

± 

31)E+01 

92E+01 

(  ~  6 

± 

66)  E 

00 

23E+01 

Reporting  level  ratio: 


o.ooo 


iq/'W*0 

.  m.  Raimondi 


Page 
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OCT-20-2000  09=27 


DES-ELAB 


978  568  2520 


P.08 


DUKE  ENGINEERING  AND  SERVICES 
ENVIRONMENTAL  LABORATORY 

Analysis  Report 

Customer:  Brooks  AFB  Report  Date:  10/09/00 

Attention:  TSgt.  Karen  Glaken  Analysis  Date:  10/03/00 

Receipt  Date:  09/19/00 
Reference  Date:  09/14/00 


Soil 

Station  No:  26  A02W  A54N 


ample .  Amount :  1  i .  3 10  kg 

Slapsed  Time:  19.0409  days 

Comment: 

Decay 

Nuclide _ Correction 


Lab  Sample  #:  G56042 

Sample  Code:  ZTS  26  3700 
Analyses  Reg:  G 

-  Activity  - 

Cone.  ±  a  "  MDC 

roicocurie/  kg-dry  ^ _ 


j 


» 


XNp-239 

CO-S7 

9.52E-01 

(-3 

± 

10)  E 

00 

36E 

00 

Ce-144 

9.54E-01 

(-174 

± 

82)  E 

00 

30E 

01 

Ce-141 

6.66E-01 

(  48 

£ 

29)  E 

00 

94E 

00 

xMo-99 

Se-75 

8.95E-01 

(  5 

± 

18)  E 

00 

62E 

00 

cr-5l 

6.20E-01 

(  17 

±- 

16)  E 

01 

55E 

01 

1-131 

1.93E-01 

(-119 

± 

61)  E 

00 

23E 

01 

Be-7 

7.81E-01 

(  7 

£ 

13  )E 

01 

47E 

01 

u-103 

7.14E-01 

(  7 

± 

16)  E 

00 

56E 

00 

-133 

Ba-140  3.56E-01 

Cs-134  9.82E-01 

RU-106  9.64E-01 

>  Cs-137  9.98E-01 

Ag-llOM  9.48E-01 

Zr-95  8.13E-01 

Co-58  8.29E-01 

Mh-54  9.58E-01 

'  AcTh228  1.00E  OO 

Tel-132  1.74E-02 

Pe-59  7.43E-01 

Zn-65  9.47E-01 

Co-60  9.93E-01 

»  K— 40  9.97E-01 

Sb-124  8.03E-01 

U-235  1.00E  00 

Th— 234  1.00E  00 

Am-241  1.00E  00 

►tes: 

Activity  greater 
-  Peak  is  found 

:  Decay  correction 

porting  level  ratio: 


<  6 
(  io 
(-5 
(  323 
(-4 
(  12 
(-10 
(-16 
(  530 

(  5 
(  50 
(-61 
(  15 
(  1420 

(  o 
(  122 
(  228 
(  27 


than  3  standard  deviations 
is  less  than  .01 


0.000 


13 )E  01 

47E  01 

34) E  00 

12E  01 

11) E  01 

42E  01 

30) E  00 

69E  00 

15)E  00 

58E  00 

24) E  00 

84E  00 

13) E  00 

5 IE  00 

14) E  00 

53E  00 

57) E  00 

23S  01 

17)  E  02 

57E  02 

53)E  00 

18E  01 

74)E  00 

26E  01 

13 )E  00 

43E  00 

59)  E.  01 

54E  01 

24)E  00 

98E  00 

88) E  00 

29E+01 

49) E+01 

16E+02 

11)E+01 

34E+01 
Approved  by 

Page 


67 


OCT-20-2000  09=27 


DES-ELAB 


978  568  2520  P.09 


t 


DUKE  ENGINEERING  AND  SERVICES 
ENVIRONMENTAL  LABORATORY 

— Analysis  Report 


Customer:  Brooks  AFB 
Attention:  TSgt.  Karen  Glacken 


Report  Date: 
Analysis  Date: 
Receipt  Date: 
Reference  Date: 


10/19/00 

10/03/00 

09/19/00 

09/14/00 


4 


Sail 


Station  No:  27  A18W  A54N 


Sample  Amount:  0.568  kg 

Elapsed  Time:  19.0431  days 

Comment : 

Decay 

- KUClide _ Correction 


r 


Lab  Sample  f:  G56043 

Sample  Code:  ZTS  27  3700 
Analyses  Req:  G 

-  Activity  — - 

Cone.  ±  a  MDC 

_ r oicoCurie/  kg-dry  •) _ 


xNp-239 

Co-57 

9.52E-01 

(-4 

+ 

13)  E 

00 

44E  00 

Ce-144 

9.54E-01 

(-5 

± 

97)E 

00 

33E  01 

Ce-141 

6.66E-01 

(  26 

± 

32)  E 

00 

HE  01 

xMo-99 

Se-75 

8 . 95E-01 

(-22 

+ 

19)  E 

00 

67E  00 

Cr-51 

6.20E-01 

(  2 

± 

17)  E 

01 

58E  01 

1-131 

1.93E-01 

(-16 

± 

68)  E 

00 

24E  01 

Be-7 

7.81E-01 

(  9 

± 

13)  E 

01 

45E  01 

Ru— 103 

7.14E-01 

(  24 

+ 

17)  E 

00 

56E  00 

Xl-133 

Ba-140 

3 . 56E-01 

(-10 

± 

12)  E 

01 

46E  01 

Cs-134 
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TEXAS  NATURAL  RESOURCE 
CONSERVATION  COMMISSION 
P.O.  Box  13087 
Austin,  Texas  78711-3087 

°lease  print  or  type.  (Form  designed  for  use  on  elite  (12-pitch)  typewriter. 


UNIFORM  HAZARDOUS 
WASTE  MANIFEST 


Form  approved.  0MB  No.  2050-0039. 


Information  in  the  shaded  areas 
is  not  required  by  Federal  law. 


16.  GENERATOR  S  CERTIFICATION:  I  hereby  declare  thafthe  contents  of  this  consignment  are  fully  and  accurately  described  above  by  proper  shipping  name  and  are 
classified,  packaged,  marked,  and  labelled/placarded,  and  are  in  all  respects  in  proper  condition  for  transport  by  highway  according  to  applicable  international  and 
national  government  regulations,  including  applicable  state  regulations. 

If  i  am  a  large  quantity  generator,  I  certify  that  I  have  a  program  in  place  to  reduce  the  volume  and  toxicity  of  waste  generated  to  the  degree  I  have  determined  to  be 
economically  practicable  and  that  I  have  selected  the  practicable  method  of  treatment,  storage,  or  disposal  currently  available  to  me  which  minimizes  the  present  and 
future  threat  to  human  health  and  the  environment;  OR,  if  I  am  a  small  quantity  generator,  I  have  made  a  good  faith  effort  to  minimi^  my  waste  generation  and  select 
the  best  waste  management  method  that  is  available  to  me  and  that  I  can  afford. 
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Printed/Typed  Name 


19.  Discrepancy  Indication  Space 


Signature 

1L~ 


</ 


Signature 


urn 


Month  Day  Ye 

i  /Wg\ 


Hi 


Date 


Month  Day  Year 

ill 


l-  20.  Facility  Owner  or  Operator:  Certification  of  receipt 

T 

Y  - - - - 

Printed/Typed  Name 


lanifest  except  as  noted  in  Item  19. 


J _ Date _ 

Month  Day  Year 
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national  government 'regulations,  including  applicable  state  r^ul^'s^60'5  **  3ccordi^ t0  aPPlicable  international  and 
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future  threat  to  human  health  and  thfl9  56  ♦-  metflCKi  of  treatment<  storage,  or  disposal  currently  available  to  me  which  minimizes  the  present  and 

the  best  waste  manaoement  mathod  ’  '  am  3  smal!  9uantfty  generator,  I  havemade  a  good  faith  effort  to minimize  waste  generation  and  select 

me  pest  waste  management  method  that  is  available  to  me  and  that  I  can  afford.  j  /]/~\  /]  /j  // 
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TEXAS  NATURAL  RESOURCE 
CONSERVATION  COMMISSION 
P.O.  Box  13087 
Austin.  Texas  78711-3087 

Please  print  or  type.  (Form  designed  for  use  on  elite  (1 2-pitch)  typewriter.) 


UNIFORM  HAZARDOUS 
WASTE  MANIFEST 


1 .  Generator's  US  ERA  ID  No.  . 

Z0ci$4ccM471 


Manifest 
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Form  approved.  CMB  Mo.  2050-0039. 


I  ^a9e  1  Information  in  the  s 


Information  in  the  shaded  areas 
is  not  required  by  Federal  law. 


n  A.  11.  US  DOT  Description  (including  Proper  Shipping  Name.  Hazard  Class.  ID 
Number  and  Packing  Group) 
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12.  Containers  ,1,4-  iJ  -in  ■ 

No.  [Type  Quantity  Wt/Vol  "  '  M  ^?«sttNa 


16.  GENERATOR’S  CERTIFICATION;  I  hereby  declare  that  the  contents  of  this  consignment  are  fully  and  accurately  described  above  by  orooer  shipping  name  ard  are 
classified,  packaged,  marked,  ana  labeiled/placardea.  ana  are  in  all  respects  :n  proper  condition  for  transport  by  highway  according  to  applicable  international  and 
national  government  regulations,  including  applicable  state  regulations. 

If  1  am  a  iarge  quantity  generator.  I  certify  that  !  have  a  program  in  oiace  to  'educa  the  volume  and  toxicity  of  waste  generated  to  the  degree  I  have  determined  tc  be 
economically  practicable  and  that  I  have  selected  the  practicable  method  of  treatment,  storage,  or  disposal  currently  available  to  me  wnich  minimizes  the  present  and 
future  threat  to  human  health  and  the  environment:  OR.  if  am  a  small  quantity  generator.  I  have  made  a  good  taith  effort  to  minimize  my  waste  generation  and  select 
the  best  waste  management  method  that  is  available  to  re  ana  that  I  can  afford.  »  A  J 
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TEXAS  NATURAL  RESOURCE  _ 

CONSERVATION  COMMISSION 

P.O.  Box  13087 

Austin ,  Texas  7871 1  -3087 

P***^'™  or  type'  {Form  ^gned  for  use  on  elite  (12-pitch)  typewriter.) 

UNIFORM  HAZARDOUS  T  Generators  US  EPA  ID  No 

WASTE  MANIFEST  Ja)  9  i  111  d  n  7 
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mo  tiilsebA'bcdM  » 

»]L?h4  rro.Q  Astnao^J 


Form  approved.  OMB  No.  2050-0039. 


US  EPA  ID  Number 
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12.  Containers  J3-  14.  | 
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15.  Special  Handling  Instructions  and  Additional  Information 
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classified,  packaged,  m^rk^a^ I^X^rdell^r^are'lnalf rel^^in^^Trondifen  ®ndJCCUra,e''' aP°Ve  ** prDper shippin9 name and  are 
national  government  regulations,  including  applicable  state  regulations.  P  P  00001,1100  for  transP°rt  **  highway  according  to  applicable  international  and 

economically6 prartSl^Ittat  I  pSlw  of  Er^en^raae  Wa£,e  genera,ed  10  ^  degree  I  have  determined  to  be 

^fU[°^reat  10  human  hearth  and  ^e  environment;  OR,  if  I  am  a  small  quanfflTqenerator  I  laWe  t0  010  wh,ch  minimizes  the  present  and 

thebest  waste  management  method  that  is  available  to  me  and  that  I  can  afford.9  * '  ha^made  a  S0^  ^  effort  to  minimize  my  waste  generation  and  select 
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Qff  J  Signature 


18.  Transporter  2  Acknowledgement  of  Receipt  of  Materials 

Printed/Typed  Name  ’  ’  " — ~ 

1 9.  Discrepancy  Indication  Space  ““ 


I  Signature 


J _ Date _ 

Month  Day  Year  j 


\  20.  Facility  Owner  or  Operator:  Certification  of  receipt  t 

Y  — _ 

Printed/Typed  Name  ’  “ 


ifest  except  as  noted  in  Item  19. 


Month  Day  Year 


TEXAS'  NATURAL  RESOURCE 
CONSERVATION  COMMISSION 
P.O.  Box  13087 
Austin,  Texas  78711*3087 

Please  prim  or  type.  (Form  designed  for  use  on  elite  (12-oitch)  typewriter.) 


UNIFORM  HAZARDOUS 
WASTE  MANIFEST 


Form  approved.  OMB  No.  2050-0039. 


Information  in  the  shaded  area 
is  not  required  by  Federai  lav 


5.  Transporter  1  Company  Name 

LlHllS 


Transporter  2  Company  Name 


6.  ^  US  EPA^D  Number;  j  ^  n  i"  i:;'!" '' 

[O  si)-  0-  (o-  Tt  9-  I  5-  V  0  7  >-(?  M  p  i A  ;• 


9.  Designated  Facility  Name  and  c>tte  Address 

60AST5  tojOTgCL  SfeditfJ-) S-tS,  LLC 

imo  UV>  B&Off&PAY 


US  ERA  ID  Mumoer 


US  t=PA  ID  Number 


if  E;  Staffs  Jrpnspp^sjlD^. 

jjflajaksf 


ii a.  11-  US  DOT  Description  (including  Proper  Shipping  Name.  Hazard  Class.  ID 
HW  Number  and  Packing  Group) 


a. 


-^.7  A 

afe-facilif^slO;. 

ers 

Type 

13. 

Total 

Quantity 

Ca 

J.  Additional  (Descriptions  fop-'Materials Lisfe'eEAU'bve 


1ft  Handfirrtg:  OfcdesTor  Pastes  Listed* Above 


>5.  Soecial  Handling  Instructions  and  Additional  Information  /  «■  A  Vf’OP’iL/D  -  filr  /  ^  5"  I  $ 
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zfirreD  UgAOiu*  -  0  £!6  t£ 


1 6.  GENERATOR’S  CERTIFICATION:  I  hereoy  declare  that  ;he  contents  of  this  consignment  are  fuily  and  accurately  described  above  by  prooer  shipping  name  and  are 
classified.  oackaged.  marked,  and  labelled/placarded,  and  are  in  all  respects  rn  proper  condition  for  transport  Pv  highway  according  to  applicable  international  ana 
national  government  regulations,  including  applicable  state  regulations. 

If!  am  a  large  quantity  generator.  I  certify  that  I  have  a  program  .n  place  to  reduce  the  volume  and  toxicity  of  waste  generated  to  the  degree  I  have  determined  to  be 
economically  practicable  and  that  I  have  selected  the  practicable  method  of  treatment,  storage,  or  disposal  currently  available  to  me  which  minimizes  the  present  and 
future  threat  to  human  health  and  the  environment:  OR.  if !  am  a  small  Quantity  generator.  !  have  made  a  tjpod  faith  effort  to  minimize  my  waste  generation  and  select 
the  best  waste  management  method  that  is  available  to  me  and  that !  can  arford.  ^7.«  n  A  \  i  A  / 


18.  Transporter  2  Acknowledgement  of  Receipt  of  Materials 


Printed/Typed  Name 


19.  Discrepancy  Indication  Space 


Signature-'  , 

PjL-t 


t 


Signature 


Date 


Month  Day  Yea 
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Date 
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J _ Date 

Month  Cav  Ye: 
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TEXAS  NATURAL  RESOURCE  ,<vF'>n 

CONSERVATION  COMMISSION 

P.O.  3ox  13087  , 

Austin,  Texas  78711-3087  V 

Please  ormt  or  type.  (Form  designed  (or  use  on  eiite  (12-pitch)  typewriter.) 

[T  UNIFORM  HAZARDOUS  [T  Generator's  US  SPA  ID  No, 

A  WASTE  MANIFEST  X&H  3  H  OQ_X  jj 

3.  Generators  Name  and  Mailing  Address 


i  UNIFORM  HAZARDOUS  1.  Generator's  US  EPA  ID  No.  Manifest 

A\  WASTE  MANIFEST  {ZT^O. 9  ^  H  0-0  X  Y  $  ^ 

3.  Generators  Name  and  Mailing  Address 
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I  4-  Generator's  Phone  ( 

I  5.  Transporter  1  Company  Name  ~  Q.  _  US  ERA  IDNomber  7 

lluJiALS  TZuc&Pfr _ 

I  7.  i  ransporter  2  Company  Name  3.  US  EPA  ID  Number 


US  EPA  ID  Number 


Form  approved.  OMB  No.  2050*0039. 

2.  Page  1  information  in  the  shaded  areas 
of  |  is  not  required  by  Federal  iaw. 
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j-r  f -Tr  f  i. 


mtMEMSSMiMi: 


9.  Designated  Facility  Name  and  Site  Address  ,  _  10.  US  EPA  ID  Number  ^G^S^£&F$b]ljt$:S;lOr»  : '  f r* s* 
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HA.  tl  ■  US  DOT  Description  (including  Proper  Shipping  Name.  Hazard  Class.  ID  12.  Containers  T^a)  j’:|;y  :r'  :|. .  ^  >: 

HM  Number  and  Packing  Group)  _  Mo.  Type  Guanlitv  Wt/VolL;  i  >-  ^  Waste  N'd  ’  -  . 

' a  i^ASriT)  /Coo  7^^  Nop  ^ 

Sou-  A»3t>  G&tss  CpQT  /^Atii'C^riuy  gXiOTiFr)  CM o? 70  t_ 


12.  Containers 
No.  I  Type 


14. 

Unit  I  x  - 
Wt/Vol ),/ ; , 


j\J.  Acfd  itton  a  i  Desc  f  fpf ions*  fb'r  fete  da? 3  Hist  etf  A  6  dve 


i  y.-U  jpo  Hai'rrcfling^Codes  for  Wastes- Listed’ Above1’ 


*  ;-i .  •)  •  t?|f 

.■'.wJw  ;  :  r-  ;■ .  8 


15.  Special  Handling  Instructions  and  "Additional  Information  i/}/S^Trf  &£?)'F\jL£  — "  7757  TlSSV 

Vc/^(f  of  k)dST£--  K>'^d3  _ Tfc 


left-grefo  U£$£im-  O'  i9 


16  GENERATOR'S  CERTIFICATION:  I  hereby  declare  mat  the  contents  of  this  consignment  are  fully  and  accurately  described  above  by  proper  shipomg  name  and  are 
classified,  packaged,  marked,  and  labellea/'placarded.  and  are  in  all  respects  in  proper  condition  for  transport  by  highway  according  to  aooiicapte  international  and 
national  government  regulations,  including  applicable  state  regulations. 

If  I  am  a  large  quantity  generator.  I  certify  that  1  have  a  program  :n  place  to  .-educe  the  volume  and  toxicity  of  waste  generated  to  the  degree  I  have  determined  to  be 
economically  practicable  and  that  I  have  selected  the  practicable  method  of  treatment,  storage,  or  disposal  currently  available  :o  me  whicn  minimizes  the  present  ana 
future  threat  to  human  health  and  the  environment:  OR.  :f  I  am  a  small  quantity  generator.  I  have  made  a  good  faith  effortio  minimize  my  waste  generation  and  select 
;he  best  waste  management  method  that  is  available  to  me  ana  that  I  can  afford.  /*)  J  /]  f  \  $  /!  fj  / 


i  ransporter  1  Acknowledgement  of  Receiot  of  Materials 


Signature 


Month  Dav  veis.' 

!  /  Gl  i%\0C 


TEXAS  NATURAL  RESOURCE 
CONSERVATION  COMMISSION 
P.O.  Sox  13087  , 

Austin,  Texas  78711-3087 

Please  pnnt  or  type.  (Form  designed  for  use  on  elite  (12-pitch)  typewriter.) 
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Form  aDproved.  OMB  Nc.  20S0-C029. 


Manifest 
*  titN 


KliHI 


information  in  the  shaded  areas 
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5.  Transoorter  1  Corppany  Name 

fiiilLS  TenCtlM 


7.  i  ransporter  2  Company  Name 


.6.  v  US  EPAjD^Numoer  }  U-Sfete^Tf arfsporfegs: IE).v i, 

1 0-  J);  |  ^  jO  n  i: 


US  EPA  iD  Number 


9.  Designated  Facility  Name  and  Site  Address  * 

coasts  lodreou  SSsCuusrs 

/9/d  it). 
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US  EPA  ID  Number 
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HA.  11  -  US  DOT  Description  (including  Proper  Shipping  Name.  Hazard  Class.  ID 
hm  Number  and  Packing  Group) 


12.  Containers 
No.  |  Type 


KG.  StaierFac.il  ID? - 


13.  14.  i. 

Total  Unit  K 

Cuantity  Wt/Vol ! 


J:*Atbc1tidnaj  DesdriprtroifiS^oif  Materials  Listed  Above  • 


y<  y?  ;  /ur* 


4K-Handfin4  Codes  for- Wastes  Listed  Above 


15.  Special  Handling  Instmctions  and  Additional  Information  hjCtSTS  rQOFILS  ~  !jD¥  l  *35"  / 
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16.  GENERATOR'S  CERTIFICATION:  1  hereby  declare  that  the  contents  of  this  consignment  are  fully  and  accurately  described  above  by  proper  shipoing  name  and  are 
classified,  packaged,  marked,  and  labefled/placardea.  and  are  in  ail  rescects  in  proper  condition  for  transport  by  hignway  according  to  applicaDte  international  and 
national  government  regulations,  including  applicable  state  regulations. 

If  t  am  a  large  Quantity  generator.  1  certify  that  1  have  a  program  m  place  to  reduca  the  volume  and  toxicity  of  waste  generatea  to  the  degree  1  have  determined  to  oe 
economically  practicable  and  that  i  have  selected  tne  oracticable  method  of  treatment,  storage,  or  disposal  currently  available  to  me  whicn  minimizes  the  present  ana 
future  threat  to  human  health  and  the  environment:  OR.  if :  am  a  small  quantity  generator.  I ^pd^made  a  good  faith  effort  to  minimise  my  waste  generation  arc  select 
the  best  waste  management  method  that  is  available  lo  me  and  that !  can  afford.  /  A  S\  S\  .  .  A  ! 
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17.  Transoorter  1  Acknowledgement  of  Receipt  of  Materials 
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I  20.  Facility  Owner  or  Operator:  Certification  of  receipt 
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16.  GENERATOR'S  CERTIFICATION:  i  hereby  declare  that  !he  contenrs  of  this  consignment  are  fully  and  accurately  described  above  by  proper  shipping  name  and  are 
classified,  packaged,  marked,  and  laoelled/placarded.  ana  are  in  ail  'aspects  ;n  proper  condition  for  transoort  by  highway  accoroing  to  aoplicabie  international  and 
national  government  regulations,  including  applicaoie  state  •’egulations. 

If  •  am  a  large  quantity  generator,  I  certify  that !  have  a  crogram  :n  place  io  reouce  the  volume  and  toxicity  of  waste  generated  to  the  degree  I  have  determined  to  be 
economically  practicable  and  that  i  have  selected  the  oracticaDie  method  of  treatment,  storage,  or  disposal  currently  available  to  me  which  minimizes  the  present  ana 
future  threat  to  human  health  and  the  environment:  CR.  ;f  t  am  a  smal  quantity  generator.  1  have  made  a  good  faith  effort  tq  minimize  my  waste  generation  and  select 
the  best  waste  management  method  that  is  available  to  me  ana  that  i  can  arford.  /V^  AJt  -  4 
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17.  Transporter  1  Acknowledgement  of  Receipt  of  Materials _ /  [ _ pate 
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J _ Date 

Month  Dav  Ye 
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Form  approved.  OMB  No.  2050-0039. 
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is  not  required  by  Federal  law. 
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15.  Special  Handling  Instructions  and  Additional  Injprrnation  yjftSTtf  t^COplL^  —  tOYl  "S  S I 

national  government  regulations,  including  applicable  state  regulations.  .  ^oorotciH  ,  have  determined  to  be 

if  l  am  a  larae  auantitv  aenerator  I  certify  that  I  have  a  program  in  place  to  reduce  the  volume  and  toxicity  of  waste  generated  to  the  degree  ^ 
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TEXAS  NATURAL  RESOURCE 
CONSERVATION  COMMISSION 
P.O.  Box  13087 
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Plsase  print  or  type.  (Form  deigned  for  use  on  elite  (12-pitch)  typewriter.) 


Form  approved.  OMB  No.  2050-003S. 
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Manifest 
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4.  Generator's  Phone  (  MiMz  " 


2.  Page  1 
of 


Information  in  the  shaded  areas 
is  not  required  by  Federal  law. 
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15.  Special  Handling  lnstructions/and  Additional  Information 
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IS.  GENERATOR'S  CERTIFICATION:  I  hereby  declare  this  the 
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classified;  packaged '  laWl^pSe^ln^Tn  m  ,hf=onsi9nm9m  ara  “V  *"«  accurately  described  above  by  proper  shipping  name  and  are 

national  government  regulations,  indi^n^Sf^tate  regulations  "  'ranSP0rt  ^  h'9hway  accordi"9  ,0  Wicable  intarnational  and 
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TEXAS  NATURAL  RESOURCE  -= 

CONSERVATION  COMMISSION  jf&L 

P.O.  Box  13087  mmL 

Austin,  Texas  78711-3087 

Please  print  or  type.  (Form  designed  far  use  on  elite  (12-pitcti)  typewriter.) 

^  1  UNIFORM  HAZARDOUS  jr Generator's  US  EPA  ID  N 


WASTE  MANIFEST 


Form  approved.  OMB  No.  2050-0039. 


Manifest 


Information  in  the  shaded  areas 
is  not  required  by  Federal  law. 


5.  Transporter  1  Company  Name 
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dSsS^DSteaKfmark^arili  ^  contents  of  thls  consignment  are  fully  and  accurately  described  above  by  proper  shipping  name  and  are 

national  government  regulates,  including  a£p^e  ataTe  rClmiol™^5  *"  Pr°P6r  C0"diti0n  for  tranSp0r1  *  hi9hway  aCCOrdlng  ,0  applicabte 
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Signature 
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20.  Facility  Owner  or  Operator  Certification  of  receipt  of  ha 


Printed/Typed  Name 


st  except  as  noted  in  Item  19. 
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Month  Day  Year 


TEXAS  NATURAL  RESOURCE 
CONSERVATION  COMMISSION 
P.O.  Box  13087 
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Piease  print  or  type.  (Form  designed  for  use  on  elite  (12-pitch)  typewriter.) 
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Form  approved.  OMB  No.  2050-0039. 
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Printed/Typed  Name 
19.  Discrepancy  Indication  Space 


Signature 


Month  Day  Year 
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